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Abstract:  

Signed in 2000, the Plutonium Management and Disposition Agreement between the U.S. 

and Russia required each nation to dispose of at least 34 metric tons of weapon plutonium. 

Nonetheless, the U.S. Plutonium Disposition Program still remains incomplete as of 2017. This 

thesis analyzes the failure of the Pu disposition program through the assessment of information 

from the scientific and technical literature, the U.S. government, and NGOs in order to answer 

the following question: Why has the United States been unable to implement its own policy as 

agreed to with Russia in the 2000 Plutonium Management and Disposition Agreement? The 

analysis revealed that the failure of the U.S. policy is primarily a consequence of placing 

uncritical faith in the U.S. Government’s ability to implement the MOX fabrication technology. 

The program was unsuccessful because a multitude of problems compounded, including 

structural organization and communication issues, a waste standard that constrained disposition 

options, fundamental misunderstandings of the technology by those in policy-making positions, 

insufficient appreciation for the challenges of transferring a plant design from France to the U.S. 

with regard to regulatory and procurement issues, an underdeveloped contractor base, political 

complexity that affected the funding profile, and the attempt to implement a program that did not 

align with the U.S. National nuclear fuel strategy. This thesis proposes that a broad-based, 

reorganized U.S. nuclear waste and weapon material disposition program should combine the 

plutonium disposition program and other U.S. nuclear waste disposal projects into a unified 

national strategy. This plan should be implemented by a single-purpose organization focused on 

disposal of the entirety of the Nation’s nuclear waste, including excess weapons plutonium.  
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Chapter 1: The Winding Path for Weapon Plutonium Disposition  

 

 

The United States has been working to address the disposition of plutonium from 

dismantled nuclear weapons for over twenty years. Despite enormous U.S. industrial capability 

and scientific knowledge, the United States is still pursuing a strategy to properly and affordably 

dispose of its excess weapon plutonium. This thesis will address the following question:  

 

Why has the United States been unable to implement its own policy as agreed to with Russia in 

the 2000 Plutonium Management and Disposition Agreement? 

 

 In order to address this question, it is necessary to understand the context of why the US 

is attempting to dispose of weapon plutonium and what it has undertaken to achieve this goal.  

 

Initial Efforts: 

Large quantities of excess weapon plutonium accumulated in the 1990s due to strategic 

weapons reductions from the Strategic Arms Reduction Treaties (START).1 The weapons 

reduction treaties created a fissile material stockpile for both the United States and the newly 

formed Russian Federation, including a weapon plutonium surplus. These stockpiles posed 

security and safety risks that needed to be mitigated. As a result, both the U.S. and Russia 

announced their commitment to dispose of their excess weapon plutonium. In September 1993, 

the United States issued the Export Controls and Nonproliferation Policy; one component of the 

                                                
1 Sokova, Elena. Plutonium Disposition. Nuclear Threat Initiative. July 1, 2002.  
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policy was to seek the disposal of plutonium and highly enriched uranium stockpiles.2 President 

Bill Clinton and President Boris Yeltsin declared the Joint Statement on Non-Proliferation of 

Weapons of Mass Destruction and the Means of Their Delivery on January 14, 1994. The Joint 

Statement addressed a variety of topics for a new nuclear weapons regime, including a pledge to 

cooperate in the reduction of nuclear material stockpiles.3  On March 1, 1995, President Bill 

Clinton pledged to reduce the U.S. nuclear stockpile by 200 tons of fissile material.4 On 

September 26, 1997, President Boris Yeltsin stated Russia’s intent to dispose of up to fifty tons 

of excess weapon plutonium.5  

The diplomatic efforts toward the disposition of plutonium were paralleled by the U.S. 

government’s technical community. In March 1992 the National Security Advisor, Lieutenant 

General Brent Scowcroft, requested that the National Academy of Sciences’ (NAS) Committee 

on International Security and Arms Control study plutonium management and disposition. The 

NAS published its first report entitled Management and Disposition of Excess Weapons 

Plutonium in 1994, highlighting four principal recommendations including the pursuit of long-

term plutonium disposition.6  Reports from the National Academy of Science and the 

Department of Energy (DOE) followed; these marked the beginning of the United States’ 

                                                
2 U.S. Congress, Office of Technology Assessment. Export Controls and Nonproliferation Policy. OTA- 
ISS-596. U.S. Government Printing Office. May 1994.  
3 President Bill Clinton and President Boris Yeltsin. Joint Statement on Non-Proliferation of Weapons of 
Mass Destruction and the Means of Their Delivery. January 14, 1994.  
4 President Bill Clinton. Speech at Nixon Center for Peace and Freedom Policy Conference. March 1, 

1995.  
5 President Boris Yeltsin. Speech to the 41st Session of the General Conference of the International 
Atomic Energy Agency. September 26, 1997. 
6 NAS, Committee on International Security and Arms Control. (1994) Management and Disposition of 
Excess Weapons Plutonium. National Academies Press, Washington, D.C. 
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technical policy on plutonium management and disposition.7,8 The reports highlighted three key 

methods of disposal: A reactor option, in which the plutonium would be converted to reactor fuel 

and irradiated, embedding plutonium into spent fuel; A vitrification method, in which plutonium 

would be immobilized in a glass mixed with high-level waste for disposal in geologic 

repositories. The last option was a deep borehole disposal method, in which weapon plutonium 

would be isolated and then emplaced in boreholes several kilometers in depth; this was 

considered, but not addressed in detail because of technical concerns at the time. A third NAS 

plutonium disposition report published in 2000, entitled The Spent-Fuel Standard for Disposition 

of Excess Weapon Plutonium: Application to Current DOE Options, further discussed the 

concept of a “Spent Fuel Standard” (SFS). The standard was first established in the initial 1994 

and 1995 NAS reports; the 2000 report discussed the SFS as it related to the proposed 

immobilization and reactor options.  The standard was considered as a minimum requirement for 

resistance to theft and protection from proliferators, equivalent to the difficulty of obtaining 

plutonium from highly radioactive spent fuel from commercial reactors.9  

 

Development of a Disposition Agreement and Plan: 

The Department of Energy published its first Environmental Impact Statement (EIS)10 on 

plutonium disposition in December 1996. The report, entitled Storage and Disposition of 

                                                
7 NAS, Committee on International Security and Arms Control, Panel on Reactor Related Options for 

Disposition of Excess Weapons Plutonium. (1995) Management and Disposition of Excess Weapons 
Plutonium: Reactor Related Options. National Academies Press, Washington, D.C. 
8 DOE (Jan. 1997) Nonproliferation and Arms Control Assessment of Weapons-Usable Fissile Material 

Storage and Excess Plutonium Disposition Alternatives. DOE/NN-0007.  
9 NAS, Committee on International Security and Arms Control, Panel to Review the Spent-Fuel Standard 
for Disposition of Excess Weapons Plutonium. (2000) The Spent Fuel Standard for Disposition of Excess 
Weapon Plutonium: Applications to Current DOE Options. National Academies Press, Washington, D.C.  
10 An EIS is a document required by the National Environmental Policy Act to address government 
actions that could pose a threat to health and safety of the human environment.  
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Weapons-Usable Fissile Materials Final Programmatic Environmental Impact Statement, 

addressed the environmental consequences from the storage and long-term disposition of fissile 

material, including plutonium. Furthermore, it examined multiple categories of weapon 

plutonium disposal.11 Following this report, the DOE began a program to store fissile materials 

and to find a strategy to dispose of surplus weapon plutonium. The Record of Decision (ROD) 

reflected that capabilities for the storage of plutonium would be expanded at the Pantex Plant in 

Texas and the Savannah River Site (SRS) in South Carolina in order to consolidate storage. The 

ROD also stated that the intent of DOE is to dispose of the plutonium through a combination of 

glass and crystalline ceramic isolation12 and irradiation13 as a mixed oxide (MOX) fuel14. The 

ROD left exact disposal locations and quantities for further review.15 The Storage and 

Disposition EIS was followed with the Surplus Plutonium Final Environmental Impact 

Statement. The report assessed the implementation of the two primary disposition approaches 

(immobilization and MOX), as well as potential alternatives, and examined sites for such 

activities.16 After the completion of the report, the DOE issued a ROD that confirmed the path 

for the disposition of 50 metric tons of weapon Pu: approximately 17 tons would be disposed 

                                                
11 DOE. (Dec. 1996) Storage and Disposition of Weapons-Usable Fissile Material Final Programmatic 

Environmental Impact Statement. DOE/EIS-0229.  
12 Immobilization in glass involves mixing plutonium with a molten amorphous material, such as 

borosilicate; because of the lack of long range order, other waste forms can be included in this mixture. 
Immobilization in ceramic involves isolating the plutonium in a crystalline matrix at the atomic sites. These 
materials, which have been developed over the past two decades, can be engineered for ideal physical, 
chemical, and radiological barriers.  
13 Irradiation as a MOX fuel is also sometimes colloquially referred to as burning.  
14 Mixed oxide (MOX) fuel is a type of nuclear fuel that incorporates multiple fissile oxides; this particular 

type would include plutonium blended with uranium. MOX fuel is an alternative to low enriched uranium 
(LEU) fuel and can be burned in light water reactors (LWR), the most common plant type used for nuclear 
energy generation.   
15DOE. Record of Decision for the Storage and Disposition of Weapons-Usable Fissile Materials Final 

Programmatic Environmental Impact Statement. Federal Register. Vol 62, No 13. January 21, 1997.   
16DOE. (Nov. 1999) Surplus Plutonium Final Environmental Impact Statement. DOE/EIS-0283.  
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through the ceramic can-in-canister17 approach and approximately 33 tons would be disposed 

through the MOX approach. The ROD stated that pursuing both disposition methods provided 

insurance against the uncertainties of implementing only one approach. The ROD also discussed 

that these plans would not proceed unless there was progress on plutonium disposition in 

Russia.18  

Simultaneously, the American and Russian governments furthered the diplomatic process 

to dispose of the weapons plutonium. The two nations began moving toward a final agreement 

on plutonium disposition in 1998. The Agreement Between the Government of the United States 

of America and the Government of the Russian Federation on Scientific and Technical 

Cooperation in the Management of Plutonium that has been withdrawn from Nuclear Military 

Programs, signed in July 1998, established the framework for technical cooperation on 

plutonium disposal.19 Later that year, the Joint Statement of Principles for Management and 

Disposition of Plutonium Designated as No Longer Required for Defense Purposes established 

that each country would eventually dispose of approximately 50 metric tons of weapon 

plutonium.20  The United States and the Russian Federation reached a final agreement after an 

additional two years. Vice President Gore and Russian Prime Minister Kasyanov signed the 

Agreement Between the Government of the United States and the Government of the Russian 

Federation Concerning the Management and Disposition of Plutonium Designated as No Longer 

                                                
17 Can-in-Canister is a disposal approach that first involves vitrification by combining Pu with radioactive 

high level waste and glass in a melter and then filling metal cans with the mixture. Next, these cans are 
emplaced on a rack of a large steel canister, which is then filled with molten glass.  
18 DOE, Record of Decision for the Surplus Plutonium Disposition Final Environmental Impact Statement. 

Federal Register. Vol. 65, No. 7. January 11, 2000.   
19 United States-Russian Federation. The Agreement Between the Government of the United States of 
America and the Government of the Russian Federation on Scientific and Technical Cooperation in the 
Management of Plutonium that has been withdrawn from Nuclear Military Programs. July 24, 1998.  
20 President Bill Clinton and President Boris Yeltsin. Joint Statement of Principles for Management and 
Disposition of Plutonium Designated as No Longer Required for Defense Purposes. September 2, 1998.  
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Required for Defense Purposes and Related Cooperation (PMDA). The agreement called for 

each party to dispose of at least 34 metric tons of weapon-grade plutonium through a 

combination of reactor and immobilization options.21  

 

Early Stages of the MOX Program: 

The United States’ plutonium disposal strategy, as previously described, was to produce 

both mixed oxide fuel for irradiation in commercial reactors and can-in-canister immobilized 

waste forms. MOX fuel production was contingent on the construction of a variety of facilities 

including the primary Mixed Oxide Fuel Fabrication Facility (MFFF). In May 1998, the 

Department of Energy issued a Request for Proposal for the construction and operation of the 

MFFF. A contract was signed with the consortium of Duke Engineering & Services, COGEMA, 

Inc., and Stone & Webster, known as DUKE COGEMA STONE & WEBSTER (DCS), in March 

1999.22 The current corporate consortium name is CB&I Areva MOX Services.23, 24  

Development on both paths for disposition continued, but in the National Defense 

Authorization Act for FY 2002 Congress directed the Department of Energy to conduct a review 

of plutonium disposition options and submit a plan for surplus weapon plutonium disposition by 

                                                
21 United States-Russian Federation. Agreement Between the Government of the United States and the 
Government of the Russian Federation Concerning the Management and Disposition of Plutonium 
Designated as No Longer Required for Defense Purposes and Related Cooperation. September 2000.  
22DOE. Notice of Intent for the Supplement to the Draft Surplus Plutonium Environmental Impact 
Statement. Federal Register. Vol. 64, No. 65. April 6, 1999.  
23 Nuclear Regulatory Committee. Notice of Consideration of Approval of Application Regarding Proposed 

Indirect Transfer of Control of the Construction Authorization for the Mixed Oxide Fuel Fabrication Facility 
in Aiken, SC. Federal Register. Vol. 77, No. 207. October 25, 2012.  
24 The Construction Agreement was initially issued to Duke Engineering & Services, COGEMA, Inc., and 

Stone & Webster, but was modified in 2006 to change the name on the Construction Agreement to Shaw 
AREVA MOX Services. In an application on August 30, 2012, the entity applied to make changes to its 
corporate structure, whereby its parent corporation (‘‘The Shaw Group, Inc.’’) would become a wholly-
owned subsidiary of Chicago Bridge & Iron Company NV Shaw (CB&I Shaw).  
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February 2002.25 After initial consideration of 40 disposal methods, the report addressed 12 

paths in detail. The report found that significant cost savings could be made by eliminating the 

can-in-canister immobilization path.26  In April 2002, the immobilization program was officially 

canceled by the Bush Administration as a cost reduction measure, citing that it was not viable to 

pursue both options and an immobilization-only approach would not meet Russian expectations 

in the PMDA.27 A year later in April 2003, the Department of Energy published their Amended 

ROD, confirming the pursuit of a MOX-only path. The DOE evaluated the changes and stated 

that the path forward was disposition of all 34 metric tons through the MOX option.28 

The construction process for the MFFF had begun a few years earlier in March 1999, 

when the contract was signed with DCS. In April 2001, the Nuclear Regulatory Commission 

(NRC) accepted the DCS application for authority to construct the MFFF.29 After five years of 

design and planning, the Construction Authorization for the construction of the plant was granted 

by the NRC on November 30, 2006.30 Construction on the facility began nearly a year later in 

August 2007; the total project cost at the time was $4.8 billion, with an estimated completion 

date of September 2016.31    

 

                                                
25 DOE, NNSA. (Feb. 2002) Report to Congress: Disposition of Surplus Defense Plutonium at Savannah 

River Site. 
26Ibid. 
27 DOE. Amended Record of Decision for Surplus Plutonium Disposition Program. Federal Register. Vol. 
67, No. 76. April, 19, 2002.  
28 DOE. Amended Record of Decision for Surplus Plutonium Disposition Program. Federal Register. Vol. 

68, No. 79, April 24, 2003.  
29 Nuclear Regulatory Commission. Notice of Acceptance for Docketing of the Application, and Notice of 

Opportunity for a Hearing, on an Application for Authority to Construct a Mixed Oxide Fuel Fabrication 
Facility. Federal Register. Vol. 66, No. 75. April 18, 2001.  
30 Mixed Oxide Fuel Fabrication Facility Construction Authorization. DUKE COGEMA STONE & 
WEBSTER. No. CAMOX-001. Docket No. 70-3098. March 30, 2005.  
31 DOE, Office of the Inspector General. (May 2014) Audit Report: Cost and Schedule of the Mixed Oxide 
Fuel Fabrication Facility at the Savannah River Site. DOE/IG-0911. 
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Congress continued to request reports regarding the status of the MOX plant. In 2006, the 

DOE published the Disposition of U.S. Surplus Materials: Comparative Analysis of Alternative 

Approaches to Congress. In 2007, the DOE published the Business Case Analysis of the Current 

U.S. Mixed Oxide (MOX) Fuel Strategy for Dispositioning 34 Metric Tons of Surplus Weapon‐

Grade Plutonium, reconfirming the MOX approach for plutonium disposition.32  

The Department of Energy took further steps that same year to consolidate plutonium 

storage at SRS and reduce costs from securing multiple plutonium storage locations. In a ROD 

from September 2007, the DOE announced that it was transferring weapons-usable plutonium to 

SRS from the Hanford Site in Washington, Lawrence Livermore National Laboratory (LLNL) in 

California, and Los Alamos National Laboratory in New Mexico (LANL) in New Mexico.33 

Legal changes in the plutonium disposition agreement with Russia occurred 

simultaneously.  The PMDA was amended in 2006, for minor legal changes,34 and in 2010, for 

an update to the type of disposal and deadlines; by 2010, both U.S. and Russian schedules were 

behind the initial deadlines. The 2010 Protocol, signed on April 13, 2010 by Secretary of State 

Hillary Clinton and Russian Foreign Minister Sergey Lavrov extended these deadlines, and 

required the United States and Russia to dispose of their waste solely through reactor 

irradiation35, officially eliminating the immobilization option.36  

                                                
32 DOE. (2007) Business Case Analysis of the Current U.S. Mixed Oxide (MOX) Fuel Strategy for 

Dispositioning 34 Metric Tons of Surplus Weapon‐ Grade Plutonium. 
33 DOE. Amended Record of Decision: Storage of Surplus Plutonium Materials at the Savannah River 
Site. Federal Register. Vol. 72, No. 175. September 11, 2007.  
34 United States-Russian Federation. Protocol to the Agreement Between the Government of the United 
States of America and the Government of the Russian Federation on Scientific and Technical 
Cooperation in the Management of Plutonium that has been withdrawn from Nuclear Military Programs. 
September 15, 2006. 
35 The agreement also allowed the Russian Federation to use fast reactors to ‘dispose’ of the plutonium.  
36 United States-Russian Federation. Protocol to the Agreement Between the Government of the United 

States of America and the Government of the Russian Federation on Scientific and Technical 
Cooperation in the Management of Plutonium that has been withdrawn from Nuclear Military Programs. 
April 13, 2010. 
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Slowdown of the MOX Program and Government Review 

In the late 2000s and early 2010s, cost estimates for MOX began to escalate, and progress 

on the MFFF continued slowly, eventually coming to a halt. Throughout this period, numerous 

internal and external reports assessed the cost, schedule, and viability of the MOX option, as well 

as plutonium disposition alternatives.  These analyses began with internal government reports: In 

April 2014, the Department of Energy’s Plutonium Disposition Working Group (PWG) 

published their Report of the Plutonium Disposition Working Group: Analysis of Surplus 

Weapon-Grade Plutonium Disposition Options.37 The report assessed MOX, estimating the (to-

go) capital cost at $6.46 billion and the life cycle cost at $25.12 billion; the expected completion 

date was 2043. Four other pathways were assessed, including plutonium fuel irradiation in fast 

reactors, immobilization, dilute-and-dispose38, and deep borehole disposal; the lifecycle costs 

and timeframes covered a wide range, from around $8 billion for dilute-and-dispose with a 

completion date of 2046 to around $50 billion for irradiation in fast reactors with a completion 

date of 2075.39 The month after the PWG report was published, the DOE’s Office of the 

Inspector General released the Audit Report on The Cost and Schedule of the Mixed Oxide Fuel 

Fabrication Facility at the Savannah River Site.40 The audit assessed the effectiveness of 

NNSA’s management of the MOX project; the findings were largely negative, reporting that the 

NNSA and MOX services had failed to control cost and schedule, resulting in a cost increase to 

                                                
37 DOE. (Apr. 2014) Report of the Plutonium Disposition Working Group: Analysis of Surplus Weapon-
Grade Plutonium Disposition Options.  
38 Dilute-and-dispose is a plutonium disposition method that involves mixing weapon plutonium with inert 

materials and disposing of them at the geological repository at the Waste Isolation Pilot Plant (WIPP) in 
New Mexico. The goal of this waste form is to resemble transuranic (TRU) waste in actinide content.  
39 DOE. (Apr. 2014) Report of the Plutonium Disposition Working Group: Analysis of Surplus Weapon-

Grade Plutonium Disposition Options.  
40DOE, Office of the Inspector General. (May 2014) Audit Report: Cost and Schedule of the Mixed Oxide 

Fuel Fabrication Facility at the Savannah River Site. DOE/IG-0911. 
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an estimated $7.7 billion. The audit identified that the principal reasons for this increase were a 

project baseline developed from an immature plant design, high turnover rates, and a lack of 

understanding the complexity of installing construction commodity items.41 

Congress directed DOE/NNSA to identify a Federally Funded Research and 

Development Center to provide outside analysis of the PWG Report. NNSA commissioned the 

Aerospace Corporation in December 2014 to assess the findings of the PWG Report and 

independently verify estimates for the MOX path and dilute-and-dispose option.  The April 2015 

Aerospace Corporation Plutonium Disposition Study Options Independent Assessment findings 

showed significantly higher life cycle costs and a longer schedule for the MOX approach: $49.5 

billion with a completion date of 2059 with higher funding levels, and $110.4 billion with a 

completion date of 2115 with current funding levels. This report did not specifically recommend 

the dilute-and-dispose option, but posited it as an ideal alternative, with a total cost of $17.2 

billion and a completion date of 2049.42 Following the Aerospace report, the MOX Services LLC 

Board of Governors commissioned High Bridge to perform an independent assessment of the 

Aerospace Report.43 The High Bridge Report sought to find issues in the Aerospace Report on 

behalf of the MOX contractor; the report cited that the risks of abandoning the MOX option are 

significant and unaddressed. 

In June 2015, Secretary of Energy Ernest Moniz requested the creation of a Plutonium 

Disposition Red Team to assess the various disposition alternatives. The Red Team, chaired by 

                                                
41 Ibid.  
42Aerospace Corp.; Hart MJ, Brown, NF, Rokey MJ, Huslage, HJ, Castro-Bran DJ, Lao NY, Duphily RJ, 

Canales VM, Davis JP, Plumb-Starnes WL, Chien JW. (Apr. 2015) Plutonium Disposition Study Options 

Assessment Phase 1 Report. Contract No. FA8802-14-C-0001. 
43High Bridge Associates, Inc. (Jun. 2015) Independent Review of Aerospace April 13, 2015 Report TOR-

2015-01848 – Plutonium Disposition Study Options. Phase 1 Executive Summary & Overview Prepared 

for the MOX Services Board of Governors.    
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Oak Ridge Laboratory Director Thom Mason, published the Final Report of the Plutonium 

Disposition Red Team in August 2015.44 The report found that the MOX option was viable at 

higher funding levels, but that the best-case scenario for the MOX option would be more 

expensive and riskier than the worst-case scenario for the dilute-and-dispose option.45 On March 

2, 2016, High Bridge Associates released another report prepared for the MOX Services Board 

of Governors, identifying various issues in the dilute-and-dispose plan.46 The back and forth 

reports eventually led to shift in the Department of Energy policy on plutonium disposition, with 

a revised tentative U.S. stance to pursue the dilute-and-dispose option.47  

 

Recent Developments: 

Various domestic and international parties remain strongly opposed to the current dilute-

and-dispose approach. In an interview on April 7, 2016, Russian Federation President Vladimir 

Putin said that the U.S. intended to pursue a path other than what was agreed to in the PMDA 

and with higher breakout potential.48 Senators Lindsey Graham and Tim Scott49 reiterated the 

sentiment of President Putin in a letter to U.S. Secretary of Energy Ernest Moniz, urging the 

Administration not to change course. They argued that this shift would be detrimental to 

domestic and international security and increase U.S. risk of losing its role as the leader of global 

                                                
44DOE, Plutonium Disposition Red Team. (Aug. 2015) Final Report of the Plutonium Disposition Red 

Team. Oak Ridge National Laboratory.  
45 Ibid.  
46High Bridge Associates, Inc. (Mar. 2016) Comparison of Plutonium Disposition Alternatives: WIPP 

Diluted Plutonium Storage and MOX Fuel Irradiation. Prepared for the MOX Services Board of Governors.  
47Note that this stance has the potential to change, as the Obama administration did not take definitive 
action in pursuing this approach. The Trump administration could resume work with the support of 
Congress or begin work on a different approach. The Trump administration has yet to comment, so the 
future of the plutonium disposition program is still unclear.  
48 Vladimir Putin. Question and Answer at the Truth and Justice Regional and Local Media Forum. April 7, 
2016. 
49 Note that Lindsey Graham and Tim Scott are the U.S. Senators from South Carolina, the State where 
the MFFF is being constructed at the Savannah River Site. 
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nonproliferation.50 On October 3, 2016 President Putin acted on his statements regarding the 

PMDA and suspended the agreement, stating that relations have deteriorated in a “radically 

changed environment.” 51  

 

Assessment and Thesis Introduction 

 The main goals of this thesis are to discover the technical shortcomings in the strategy 

and its execution of US Plutonium Disposition. This thesis seeks neither to comprehensively 

explain nor analyze the diplomatic or political elements of the plutonium disposition agreement. 

Poor technical decision-making and execution created a window for Russian President Vladimir 

Putin to renege on the Plutonium Management and Disposition Agreement. Although political 

pressure from Congress has become significant, the plutonium disposition program has been 

largely untouched for over a decade; poor technical decisions and execution have led to the 

current disarray.   

The central framework for this thesis is to develop a commentary of the government’s 

technical work on plutonium disposition, as well as to understand scientific developments on 

actinide waste forms and the views of non-governmental organizations on this subject. The thesis 

will analyze the progression of work within the government, the decisions made, the technical 

reasons for these decisions, and the scientific developments throughout the more than 20-year 

period of the plutonium disposition program. This analysis will be completed through use of 

documents and expert interviews. The recent developments in the PDMA necessitate an 

assessment of the inability of the DOE and NNSA to carry out plutonium disposition. This thesis 

                                                
50 Senator Lindsey Graham and Senator Tim Scott. Open Letter from Senators Lindsey Graham and Tim 
Scott sent to Secretary of Energy Ernest Moniz. April 8, 2016.  
51 Andrew E. Kramer. Vladimir Putin Exits Nuclear Security Pact, Citing ‘Hostile Actions’ by U.S. The New 
York Times. October 3, 2016.  
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will further address the DOE and NNSA plutonium disposition failure by demonstrating clear 

organizational management issues within DOE and NNSA in handling funding, contractor 

monitoring, and technical assessment and execution.  

The implications of failing to dispose of plutonium properly are significant. The 

continual long term storage of the plutonium subjects it to greater risk. Improper disposal could 

harm the environment and the stability of other geologically disposed wastes. Finally, the ability 

to understand the difficulties of large scale projects in the US, specifically those directed by the 

DOE, is important for developing successful strategies in the future.  
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Chapter 2: The Framework for Plutonium Management and Disposition: The Intersection 

of U.S. Foreign Policy, Science and Public Interest 

  

Introduction: 

The U.S. plutonium disposition program was designed to reduce the risk of weapons 

plutonium from dismantled nuclear weapons being stolen, diverted, or used again as a weapons 

material. There are two broad categories for disposition. The plutonium can be made unusable or 

inaccessible for weapons manufacture. The unusable approach is a nuclear option by which the 

plutonium is burned in a reactor in such a way that its isotopic composition and self-protecting 

radiation barrier render it unattractive as a weapons material. The inaccessible approach is one in 

which some type of geologic disposal makes it very difficult to retrieve for weapons use. 

An individual, organization, or government considering the issue of plutonium 

disposition would need to account for the breadth of options under consideration and assess the 

relative merits of the different strategies for disposition. Some options present better long-term 

security, albeit with more difficult implementation. However, it is important to determine if the 

additional security benefits outweigh greater risks to achieve that disposition strategy.  

Furthermore, it is essential to determine the threshold of security, and the steps required to meet 

that threshold. Thresholds can include, for example, whether the method only limits non-state 

actors from accessing the material, versus both state and non-state actors. Although organizations 

need to determine a standard for disposition, they should not unnecessarily constrain themselves 

if presented with viable options that fall outside of the standard by the letter of the law, but not 

by the spirit. 
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Within the US, three entities have contributed to the discussion and development work on 

Pu disposition: the government, the scientific community, and non-governmental organizations. 

The relevant government agencies are the Department of State, the Department of Energy, and 

the Department of Defense. The national laboratories, as well as the scientists that function as 

both technical and policy experts, support these organizations. The decision and law making by 

the politicians and policy experts informs the national laboratory work, which then is used to 

formulate policy. The DOE laboratories have a vast network of scientific and engineering 

expertise in weapon design and the properties of fissile material. Scientists and engineers in the 

laboratories are commissioned to perform studies based on the funding and requests of 

policymakers.  

The academic community primarily consists of professors, researchers, and students who 

work on the technical aspects of disposition technologies based on expertise and interest. 

Scientific work is shared through the means of conferences and journal publications. Most of the 

work remains at a complex technical level, with little concern for policy ramifications, but is 

occasionally distilled down in review articles focused on policy-oriented subjects. Over the past 

few decades, the scientific community has developed a framework for Pu and other actinide 

waste forms based on the material integrity of highly ordered crystalline compounds in geologic 

disposal settings. The characteristics of these materials include radiation resistance as well as 

chemical and physical durability within various geologic formations.  

The non-governmental organization (NGO) policy community presents another 

perspective, and includes experts from related fields who write about plutonium disposition. 

These experts work on the topic based on interest and ability to receive funding for their work, a 

truism at national laboratories and universities as well. The NGO community has published 
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various studies on Pu disposition that incorporate government and scientific considerations. Each 

of these three groups overlap in their interests but differ in their approach to problems and the 

publication of the results. The national laboratories produce mainly confidential reports, the 

academics produce open scientific literature, and the NGOs produce open policy literature. 

This chapter will analyze the development of U.S. policy as it evolved through 

government agencies supported by the national laboratories, academic research, and analysis by 

NGOs, during the three key periods of the Plutonium Disposition Program. These periods are 

identified as the initial 1990s decision-making process, the post-2000 decision to the cancel the 

immobilization option, and the post-2010 reconsideration of options.  In appendix A, the reader 

will find the publications and reports that provided the basis for U.S. policy as it developed along 

the three threads of government agencies, academic research and NGOs.52 

  

The 1990s and the First Steps of the Pu Disposition Program: 

Any organization faced with the challenge of plutonium disposition first needs to 

consider the goals, available technologies, risks, and implementation strategies. The U.S. 

Government encountered this issue in the 1990s, amidst weapons reduction talks with the 

Russians and a looming stockpile of plutonium from the dismantled weapons. The National 

Security Advisor General Brent Scowcroft requested a full-scale study of plutonium 

management and disposition options by National Academy of Sciences’ Committee on 

International Security and Arms Control (CISAC)53. The committee laid out the goals, 

technologies, and a standard that defined the future framework for decision-making in two 

                                                
52 Appendix A includes summaries of important works published by the Government, academics, and 
NGOs; these can be used as reference for the various reports and papers discussed in this chapter. 
53 Note that this CISAC is unrelated to the Stanford University Center for International Security and 
Cooperation at which this thesis was written.  
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comprehensive reports.54,55 The NAS CISAC committee defined the Spent Fuel Standard56,57,58, 

which was described earlier as a radiation barrier equivalent to that which exists for irradiated 

spent fuel. The Department of Energy reaffirmed the SFS as early as 199559 and clarified the 

standard in 199660. One of the guiding principles was that the ‘intrinsic’ properties of the Pu-

bearing material, and not ‘engineered’ or ‘institutional’ barriers should protect the material.  The 

MOX option met this criterion by both changing the isotopic composition of the plutonium and 

creating a radiation barrier from the fission products that formed during irradiation in a reactor.  

During the same time period, a strong technical basis for actinide waste forms was 

developed in the scientific community. In a 1995 review paper, Ewing, Weber, and Clinard, 

three of the foremost experts on nuclear waste forms, described the state-of-art in the field.61 The 

paper introduced the history of nuclear waste form development, beginning with the 

incorporation of wastes in various glass compositions in the 1950s. The standard nuclear waste 

form was borosilicate glass, an amorphous silicate glass with boron. This material was selected 

primarily because of its lower processing temperature than other glasses. The decreased 

                                                
54  NAS, Committee on International Security and Arms Control. (1994) Management and Disposition of 
Excess Weapons Plutonium. National Academies Press, Washington, D.C. 

55 NAS, Committee on International Security and Arms Control, Panel on Reactor Related Options for 
Disposition of Excess Weapons Plutonium. (1995) Management and Disposition of Excess Weapons 
Plutonium: Reactor Related Options. National Academies Press, Washington, D.C. 
56 NAS, Committee on International Security and Arms Control. (1994) Management and Disposition of 

Excess Weapons Plutonium. National Academies Press, Washington, D.C. 
57 NAS, Committee on International Security and Arms Control, Panel on Reactor Related Options for 

Disposition of Excess Weapons Plutonium. (1995) Management and Disposition of Excess Weapons 
Plutonium: Reactor Related Options. National Academies Press, Washington, D.C. 
58 NAS, Committee on International Security and Arms Control, Panel to Review the Spent-Fuel Standard 

for Disposition of Excess Weapons Plutonium. (2000) The Spent Fuel Standard for Disposition of Excess 
Weapon Plutonium: Applications to Current DOE Options. National Academies Press, Washington, D.C. 
59 DOE, Office of Fissile Materials Disposition. (Mar. 1995) Summary Report of the Screening Process to 

Determine Reasonable Alternatives for Long-term Storage and Disposition of Weapons Usable Fissile 
Materials. DOE/MD-0002. 
60 DOE, Office of Fissile Materials Disposition. (Oct. 1996) Technical Summary Report for Surplus 
Weapons-Usable Plutonium Disposition. DOE/MD-0003. 
61 Ewing RC, Weber WJ and Clinard Jr FW. (1995) Radiation Effects in Nuclear Waste Forms for High-
Level Radioactive Waste. Progress in Nuclear Energy. Vol. 29, No. 2, pp 63-127.     



18 

processing temperature lowered the volatilization62 of radioactive material, incorporated 

materials without phase change, and provided a means of simpler industrial processing. 

Crystalline ceramic materials had also been developed, namely a titanate63 waste form known as 

Synroc. Research on Synroc in the United States progressed, but the work was most thoroughly 

developed at the Australian National University. Aside from Synroc, no other ceramic materials 

had yet been developed that could be demonstrated with actual processing conditions and real 

waste. Nonetheless, there was an established literature on a variety of actinide waste forms that 

could be tailored to meet specific requirements for radioactive, chemical, and physical barriers. 

Plutonium decays by the emission of an alpha-particle, so one of the main concerns was the 

response of the material to alpha particle and alpha-recoil damage. Additionally, there was a 

growing understanding of the role of geologic barriers64 in constraining the mobility of actinides, 

including plutonium. 

Non-governmental organization experts participated in the discussion of the plutonium 

disposition as well.  A 1993 paper in the Journal of Science & Global Security by Berkhout et al. 

addressed the plutonium disposition problem and various disposition options. The paper honed in 

on two primary options: modifying LWR for use with MOX fuel and mixing plutonium with 

high-level waste in glass in order to maintain the radiation barrier required by the NAS Spent 

Fuel Standard. The decision for these options was based on reducing the number of sites for 

plutonium handling and eliminating weapon Pu for long-term nonproliferation measures. The 

                                                
62 Volatilization is a process in which a material is vaporized. The higher the temperature, the higher 
amount of volatilization. Lower temperature also avoids phase changes which can be detrimental to 
material structures and increase the difficulty of processing. The lower temperature also enables larger 
scale manufacturing, because the higher temperatures require increasingly complex processing setups. 
63 Titanates are a class of compounds composed of titanium oxides. 
64 The geologic barriers arise from the composition and stability of the geological formation in which the 
waste forms are emplaced. These barriers include phenomena that constrain the waste from moving from 
the emplacement site.  
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cost for 100 tons of Pu disposed65 was estimated around $1 billion for the MOX option and $75 

to $100 million for the immobilization option.66 This paper, which was authored by prominent 

experts in the NGO community, highlights a parallel with the government decision-making; the 

findings are consistent with the 1994 NAS report. 

In a 1998 paper in the Journal of Science & Global Security, Allison Macfarlane 

discussed the use of Australian Synroc, a crystalline ceramic developed in part by the DOE, as a 

better solution for borosilicate glass. Macfarlane referenced in detail scientific research to 

establish the conclusion that ceramic waste forms were better than glass waste forms. Macfarlane 

also discussed the policy basis for waste form criteria. These criteria included proliferation 

resistance, production technology, chemical durability, and criticality safety.67 

Work within the different communities clearly did not cross pollinate: The Spent Fuel 

Standard was maintained as the underlying metric for Pu disposition and the DOE continued 

program development with a sole focus on the Spent Fuel Standard and minimal other criteria. 

The next step of assessing each disposition option fell to the DOE, which began to assess the 

technical viability of the options, again basing their analysis on the Spent Fuel Standard. The 

1996 Technical Summary Report stated that reactor, immobilization, and deep borehole options 

were all viable and technically mature enough to initiate plutonium disposition in a decade; this 

included hybrid approaches to implementing two technologies, such as a reactor option and 

immobilization in concert.68 A later report in 1997 noted that the LWR MOX approach could be 

implemented relatively quickly, and that regulatory and political hurdles were the most 

                                                
65 Not including the cost of research and development. 
66 Berkhout F, Diakov A, Feiveson H, Hunt H, Lyman E, Miller M, and von Hippel F. (1993) Disposition of 

Separated Plutonium. Science & Global Security, Vol. 3, pp. 161-213. 
67 Macfarlane A. (Sep. 1998) Science & Global Security. Vol. 7, pp 271-309. 
68 DOE, Office of Fissile Materials Disposition. (Oct. 1996) Technical Summary Report for Surplus 
Weapons-Usable Plutonium Disposition. DOE/MD-0003. 
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significant. The report also noted that can-in-canister immobilization could be achieved faster 

than options in which the Pu and HLW were incorporated into the same material,69 based on 

existing facilities.70  The 1999 DOE EIS highlighted the importance of pursuing both 

immobilization and irradiation options in order to have insurance against the uncertainty of only 

one path.71 The government sentiment in the late 1990s was that these options could be achieved 

in a timely manner for a few billion dollars, but that uncertainty still existed, warranting a dual-

track approach. The 2000 DOE Record of Decision directed the ceramic can-in-canister 

immobilization of 17 tons Pu and the production of 33 tons of MOX fuel for irradiation in 

LWRs.72 

Technical development of materials continued in the academic community. In February 

1996, a panel chaired by William Weber and Rodney Ewing, under the auspices of the DOE, met 

to discuss radiation effects in complex glass waste forms, accelerated studies and simulations for 

storage lengths of 104 to 106 years, and the scientific basis for predictive models of waste in glass 

forms.73 A paper summarizing the panel’s findings was published the following year in the 

Journal of Materials Research. The review explained that combining HLW and Pu in a waste 

form would have radiation damage implications. The assumptions in earlier works that the HLW 

glass would have low actinide content were no longer valid because of the addition of this 

                                                
69 In the can-in-canister approach, the Pu is isolated in a ceramic material in a ‘can’, which is then placed 

inside of a canister with glassified HLW. The homogenous options would incorporate both the HLW and 
Pu in the same glass or ceramic. 
70 DOE (Jan. 1997) Nonproliferation and Arms Control Assessment of Weapons-Usable Fissile Material 

Storage and Excess Plutonium Disposition Alternatives. DOE/NN-0007. 
71  DOE. (Nov. 1999) Surplus Plutonium Final Environmental Impact Statement. DOE/EIS-0283. 
72 DOE, Record of Decision for the Surplus Plutonium Disposition Final Environmental Impact Statement. 
Federal Register. Vol. 65, No. 7. January 11, 2000.  
73  Weber WJ, Ewing RC, Angell CA, Arnold GW, Cormack AN, Delaye JM, Griscom DL, Hobbs LW, 

Navrotsky A, Price DL, Stoneham AM, and Weinberg MC. (Aug.1997) Radiation Effects in Glasses Used 
for Immobilization of High Level Waste and Plutonium Disposition. Journal of Materials Research. Vol. 12, 
No. 8, pp 1946-1978. 



21 

plutonium; radiation degradation from alpha-decay events74 could lead to increased leaching 

rates and release of nuclides. The report points to previous work that demonstrated significant 

cumulative α-decay dose with the addition of Pu. The dose demonstrated was on the order that 

caused significant changes to chemical and physical properties. The reason for the change in 

these properties was due to electronic and ballistic interaction of alpha, alpha-recoil, and beta 

particles interacting with the surrounding atomic-scale structure of the material. The paper 

examined various irradiation techniques to simulate long-term damage, as well as various glass 

forms to understand the current knowledge of macroscopic, microstructural, and atomic level 

damage. The report concluded with future research needs, proposing further study on creating 

reference glass compositions, understanding structural and thermodynamic properties, 

performing systematic irradiation studies, and simulating irradiation.75 

         The DOE convened a January 1997 follow-up panel to the 1996 glass waste form panel 

that focused on ceramic waste forms; a review paper discussing the panel’s work was 

subsequently published in the Journal of Materials Research in 1998.76 The review paper 

explained that the majority of waste was currently destined for isolation in borosilicate glass, 

which was the accepted first generation waste form. However, the report discussed that this 

waste form, along with spent fuel, was not specifically designed for the waste types or expected 

disposal environments. These materials are not tailored to have specific chemical and physical 

                                                
74  An alpha-decay event results in two types of radiation: the alpha particle which causes very little 
damage and the alpha-recoil nucleus which inflicts the most damage to the surrounding structure. 
75 Weber WJ, Ewing RC, Angell CA, Arnold GW, Cormack AN, Delaye JM, Griscom DL, Hobbs LW, 

Navrotsky A, Price DL, Stoneham AM, and Weinberg MC. (Aug.1997) Radiation Effects in Glasses Used 
for Immobilization of High Level Waste and Plutonium Disposition. Journal of Materials Research. Vol. 12, 
No. 8, pp 1946-1978. 
76 Weber WJ, Ewing RC, Catlow CRA, Diaz de la Rubia T, Hobbs LW, Kinoshita C, Matzke HJ, Motta AJ, 

Nastasi M, Salje EKH, Vance ER, Zinkle SJ. (Jun. 1998) Radiation Effects in Crystalline Ceramics for the 
Immobilization of High-Level Nuclear Waste and Plutonium. Journal of Materials Research. Vol. 13, No. 6, 
pp 1434-1484. 
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durability and compatibility, sufficient self-protecting features, and rely too significantly on the 

geological barrier to protect the biosphere from radionuclides. Crystalline waste forms are 

advantageous disposal materials because the chemistry and physics of corrosion and alteration 

are more easily modeled and predictable, allowing extrapolation of behavior on firmer scientific 

basis. Additionally, naturally occurring analogues of these materials provide long-term evidence 

of their response to radiation and their behavior upon leaching. The review discussed the two 

primary types of radionuclide immobilization: placement at an atomic site and encapsulation of 

radioactive phases in non-radioactive phases. The review addressed various types of crystalline 

immobilization options, irradiation techniques, radiation effects, and future work needed.77 The 

panel clearly established the merits of ceramic waste forms over the spent fuel option and 

borosilicate glass option. 

Moving forward, the scientific community would have recommended further ceramic 

materials research and manufacturing development, based on the processes used for Synroc. This 

option would have been dual-tracked with a borosilicate glass option based on established 

technologies, in the event that there were issues with new waste form development.78 The 

concept of a reactor option to embed the Pu in spent fuel would have been deemphasized due to 

the issues with spent fuel as a waste form. Despite the prevailing scientific evidence at the time 

and the fact that some of this work was supported by the Department of Energy, the U.S. 

Government nonetheless proceeded with the dual approach program including can-in-canister 

and MOX fuel fabrication. 

                                                
77 Weber WJ, Ewing RC, Catlow CRA, Diaz de la Rubia T, Hobbs LW, Kinoshita C, Matzke HJ, Motta AJ, 
Nastasi M, Salje EKH, Vance ER, Zinkle SJ. (Jun. 1998) Radiation Effects in Crystalline Ceramics for the 
Immobilization of High-Level Nuclear Waste and Plutonium. Journal of Materials Research. Vol. 13, No. 6, 
pp 1434-1484. 
78 This can be thought of as a parallel to the approach by the DOE to pursue both the MOX option and 
the can-in-canister method in case of issues with one.  
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         The varying perspectives on the topic led to a path that did not satisfy all parties. The 

NAS SFS made sense from a policy perspective, and was supported by NGOs primarily focused 

on the policy aspects of disposition. From a scientific viewpoint though, the SFS did not ensure 

appropriate technical steps would be taken in isolating the plutonium. The selection of MOX and 

can-in-canister immobilization was a seemingly reasonable path forward, but further technical 

consideration was lacking as the program begin to move into full-scale development.   

 

The Early 2000s Shift: 

         The Department of Energy began to develop a plan for implementing the selected 

disposition path in the early 2000s. The 2000 DOE Record of Decision addressed the three 

primary facilities required to implement the combined MOX and immobilization approach: a pit 

disassembly and Pu conversion facility, an immobilization facility, and a MOX fuel fabrication 

facility. The preferred approach entailed pit disassembly and conversion at the Savannah River 

Site. The site was selected because it had experience with processing fissile material; the pit 

disassembly facility would complement SRS’s existing mission. The immobilization facility was 

also slated for SRS; the plan was to construct a new facility for ceramic immobilization and use 

the defense waste processing facility (DWPF) to fill the canisters with borosilicate glass 

containing high-level waste. There was uncertainty about the waste stream for DWPF, but not 

the immobilization facility. Constructing the MOX fuel fabrication plant at SRS was also a 

preferred alternative, given the other activities at the location. The report expressed little concern 

regarding its implementation.79 

                                                
79 DOE, Record of Decision for the Surplus Plutonium Disposition Final Environmental Impact Statement. 
Federal Register. Vol. 65, No. 7. January 11, 2000.  
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         A 2002 DOE Report to Congress evaluated the disposition options yet again but altered 

the recommended option to an ‘enhanced’ MOX approach, which eliminated the immobilization 

path. Thus, all of the Pu waste streams would be converted into MOX under this approach.  

Furthermore, the report emphasized focusing on ‘proven’ technologies to reduce cost and 

schedule uncertainties.80 The Bush administration adopted this approach without significant 

further consideration, and work slowly progressed on the MOX plant. After dozens of reports 

and nearly a decade of work, the government quickly changed its approach to eliminate the 

immobilization option based on perceived cost benefits. 

During the same period, the scientific community continued to develop waste forms for 

Pu. These tailored waste forms began to show promise for isolating Pu safely over long 

durations. In 1999, Wang et al. reported a waste form of gadolinium zirconate in the Journal of 

Materials Research. The material was resistant to Pu radiation damage effects and equally or 

more chemically durable than titanate pyrochlores.81  The following year, Gong et al. published a 

paper on zirconia-based single phase ceramics. The material was shown to be highly resistant to 

amorphization and chemically and thermally resistant. Additionally, natural analogues existed 

for the study of long-term radiation resistance.82 In 2001, Gong et al. published a Journal of 

Materials Research paper describing a waste form, zirconia/boron carbide (ZrO2/B4C) with a 

single, radiation resistant and chemically durable phase, billion year old natural analogues, and 

criticality safety. The paper suggested that the form could be disposed of directly, or mixed with 

                                                
80 DOE, NNSA. (Feb. 2002) Report to Congress: Disposition of Surplus Defense Plutonium at Savannah 

River Site. 
81 Wang SX, Begg BD, Wang LM, Ewing RC, Weber WJ, and Govidan Kutty KV. (Dec 1999) Radiation 
Stability of Gadolinium Zirconate: A Waste Form for Plutonium Disposition. Journal of Materials Research. 
Vol. 14, No. 12, pp 4470-4473. 
82 Gong WL, Lutze W, and Ewing RC. (2000) Zirconia ceramics for excess weapons plutonium waste. 
Journal of Nuclear Materials. Vol. 277, pp 239-249. 
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high-level waste.83  The development of various durable waste forms specifically designed for Pu 

showed considerable progress. With the radiation and chemical resistance of these materials 

established and natural analogues with demonstrated long-term stability, the next step was the 

development of industrial-scale processing.  

Muller et al. (2002) discussed an overview of plutonium incorporation in glasses and 

ceramics, and included an industrial perspective. The processing methods for ceramics were 

discussed, including sintering, hot pressing, and melting. The authors discussed methods by 

which the processing could be performed, and mention that production of Synroc by various 

methods had been demonstrated.84 In 2004, Ewing et al. published a paper on zirconate 

pyrochlore, a pyrochlore structure far more resistant to alpha-decay than titanate pyrochlore. The 

paper briefly addressed possible industrial processing methods, noting that actinide-containing 

pyrochlore would require extensive remote handling. They explained that various techniques 

were being investigated, including inductive melting performed in a cold crucible and self-

sustaining high temperature synthesis.85 The scientific community’s focus was on the 

fundamental science and not industrial processing, thus further development of these materials 

would require coordination with engineering firms to develop processes to manufacture the 

immobilized waste form. 

         Throughout the 2000s, NGOs commented on the Pu disposition process and provided 

ideas, critiques, and solutions for the Pu disposition program. Matthew Bunn, a nuclear policy 

                                                
83 Gong WL, Naz S, Lutze W, Busch R, Prinja A, and Stoll W. (2001) Safe Disposal of Surplus Plutonium. 
Journal of Nuclear Materials. Vol. 295, pp 295-299.   
84 Muller I, Weber WJ, Vance ER, Wicks G, and Karraker Dl. (2002) Chapter 10: Plutonium in Glass, 
Ceramic, and Composite. Advances in Plutonium Chemistry 1967-2000. American Nuclear Society, 
LaGrange, IL, pp 260-307. 
85 Ewing RC, Weber WJ, and Lian J. (Jun. 2004) Nuclear Waste Disposal--Pyrochlore (A2B2O7): Nuclear 
Waste Form for the Immobilization of Plutonium and “minor” Actinides. Journal of Applied Physics. Vol 95, 
pp 5949-5971. 
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analyst at Harvard University who previously directed the NAS Plutonium Disposition and 

Management study, has discussed the program in various forums. In a 2002 IAEA report, Bunn 

analyzed the state of the Pu disposition program and the path forward for the United States. The 

general sentiment of the report was consistent with the government strategy, in that there was 

little technical concern for the MOX approach and more significant technical concern for the 

immobilization path. Bunn stated that “most aspects of the reactor approach can be considered 

technically demonstrated,” whereas he stated that for the immobilization option “the primary 

uncertainties are technical ones.”86 In 2006 Congressional Testimony, Bunn addressed the 

various options for disposition. He ruled out the all-MOX option because of the difficulty of 

refining highly impure material, and noted that an all-immobilization option was possible, but 

difficult, because the US stopped funding the path in the early 2000s. Bunn argued that a 

combined approach, while expensive, may still be the best option. In the testimony, Bunn also 

discussed various diplomatic considerations with Russia.87 Despite work from the government, 

scientific community, and NGOs, the MOX project continued into the 2010s unfinished, and the 

US remained uncertain on the path forward. 

  

Post-2010 Reassessment and Decision Making: 

The partial completion of the MOX plant more than a decade after plans were laid out 

forced Congress and the DOE to reevaluate the MOX approach. Between 2014 and 2016, a 

series of reports by various government entities and contractors were published examining the 

                                                
86 Bunn M. (Aug. 2002) U.S Program for Disposition of Excess Weapons Plutonium. IAEA-SM-346/102, 
pp 79-91. 
87 Bunn M. (Jul. 2006) Disposition of Excess Plutonium: Rethinking Security Objectives and 
Technological Approaches. Testimony before the Subcommittee on Strategic Forces, Committee on 
Armed Services, U.S. House of Representatives. 
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disposition program.88,89,90 Chapter one discussed the progression of these reports, with the 

Department of Energy revising its stance to pursue the dilute-and-dispose option. The dilute-and-

dispose option involves diluting the plutonium down to levels at which it can be categorized as 

TRU waste for disposition at the Waste Isolation Pilot Plant (WIPP), a geologic repository in 

southeastern New Mexico.  The option was highlighted based on an expectation of lower cost 

and a shorter schedule. This waste form selection, though, did not fall within established 

government and scientific community technical understanding of proper waste forms and did not 

take account of advances in waste form science or the much-improved understanding of the 

behavior of actinides in the environment. 

The scientific community has continued to develop waste forms to present day. A 2011 

chapter by Ewing and Weber represents a detailed summary actinide waste forms. This paper 

summarized a mature field with numerous options for ceramic waste forms for actinide 

isolation.91 Geologic considerations are also essential to any strategy to dispose of any type of 

nuclear waste. After an ideal waste form is selected and fabricated, waste sites ideal for the form 

and actinide-type (Pu) would be selected. Various papers discussed the necessity of selecting a 

proper geologic setting. A 2007 review explained that geochemical and hydrological conditions, 

temperature, redox environment, and the flow of water have major ramifications on the waste 

form selection.92 The scientific community would use these criteria for site selection, either as a 

                                                
88 DOE. (Apr. 2014) Report of the Plutonium Disposition Working Group: Analysis of Surplus Weapon-
Grade Plutonium Disposition Options. 
89 DOE, Plutonium Disposition Red Team. (Aug. 2015) Final Report of the Plutonium Disposition Red 

Team. Oak Ridge National Laboratory. 
90 Aerospace Corp.; Hart MJ, Brown, NF, Rokey MJ, Huslage, HJ, Castro-Bran DJ, Lao NY, Duphily RJ, 

Canales VM, Davis JP, Plumb-Starnes WL, Chien JW. (Apr. 2015) Plutonium Disposition Study Options 
Assessment Phase 1 Report. Contract No. FA8802-14-C-0001. 
91 Ewing RC and Weber WJ. (2011) Actinide Waste Forms and Radiation Effects. Chapter Thirty-Five. 
The Chemistry of Actinide and Transactinide. pp 3813-3887. 
92 Ewing RC. (2007) Ceramic Matrices for Plutonium Disposition. Progress in Nuclear Energy. Vol. 49, pp 
635-643.  
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geological repository or a deep borehole. The selection of dilute-and-dispose as the primary 

option raises concerns for the geologic emplacement. The dilute-and-dispose option proposes a 

disposal location of WIPP, a geologic repository designed for transuranic waste. The inclusion of 

this diluted weapons Pu in WIPP triples the projected plutonium content in the repository at 

closure. A change in the actinide composition from the addition of large amounts of Pu would 

warrant new safety assessments of material interactions, potentially altering cost and schedule 

estimates.93 

         Clements, Lyman, and von Hippel, key players at NGOs working on plutonium 

disposition and nonproliferation topics, addressed the current state of the disposition program in 

in 2014. In assessing the various disposition options, the authors highlighted the importance of 

pursuing an option that increases the security of the plutonium. The authors then analyzed 

various options including MOX as well as immobilization with and without HLW. The authors 

concluded that further independent study of the US program was needed, and that direct 

emplacement in repositories or boreholes with immobilization in durable ceramics remained a 

viable option.94 In a compelling presentation the same year, Bunn reassessed the goals of the Pu 

Disposition Program. He focused on immobilization options as one of the best ways to meet both 

security and diplomatic goals.95 Lyman, under the auspices of the Union of Concerned Scientists, 

published a comprehensive report in December 2014 that addressed the disposition program. 

Lyman concluded that MOX was in fact compromising security in a changed environment, rather 

than helping to achieve greater Pu security. Furthermore, Lyman argued that the only options to 
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balance costs and security goals were immobilization or dilute-and-dispose.96 The commentary 

from NGO related experts pointed to obvious issues with the U.S. Plutonium Disposition 

Program and presented viable solutions based on the incorporation of security, political, and 

diplomatic goals, as well as technical considerations.  
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Chapter 3: The Experts - Unveiling Varied Perspectives 

 

         The underlying causes of the failure of the U.S. Plutonium Disposition Program are 

varied. Although there are a number of published analyses of the program,97,98,99,100,101,102 there 

has been no effort to interview those involved in the decisions and implementation of the 

strategy. This chapter summarizes the commentary of a number plutonium disposition experts 

involved in different aspects of the implementation of the program. The commentary from the 

interviews is organized so as to reveal programmatic shortcomings, as well as to support the 

documented evidence as outlined in chapter one and two. 

  

The Origins of the U.S. Disposition Strategy: 

         A consistent theme in these interviews is that the national security landscape in the 1990s 

was vastly different from today’s landscape. After the breakup of the former Soviet Union, a 

major concern was containing “loose” nukes and reducing weapons material inventories. The 

program, therefore, was tailored to the goal of nonproliferation. Disposing of the weapon 

plutonium material in parallel with the Russian Federation would both eliminate risk in Russia 
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and reduce the potential for future weapons buildup. These concerns shaped the decision making 

of the U.S. Plutonium Disposition Program. 

         Another key element was the national nuclear strategies behind the Russian and U.S. 

program. The Russians, with their limited supply of uranium after the loss of Kazakhstan and 

other Soviet States, decided to develop a “plutonium economy.” The Russians planned to 

achieve the goals of the disposition agreement and begin this plutonium economy with the 

development of fast reactors, which would breed more plutonium in the spent fuel. The Clinton 

Administration’s goals were to achieve global reductions in separated fissile material, both 235U 

and 239Pu.103 The United States did not have a national strategy to either use or dispose of the 

weapon plutonium; in the absence of a national strategy the U.S. was not able to align its policy 

decisions with any specific technical direction. Thus, the decision to fabricate MOX fuel for 

irradiation in reactors was never consistent with the U.S. plan for an open fuel cycle. The 

executive branch and Congress never fully supported the decision, and the plutonium disposition 

strategy was often questioned throughout the 2000s and 2010s by the Bush and Obama 

Administrations and members of Congress. 
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NAS Committee Interactions with Relevant Parties: 

         The 1994 and 1995 NAS Committee Report104,105  largely set the path for the disposition 

program. Two of the key experts on this committee were John Holdren, the Study Chair, and 

Matthew Bunn, the Executive Director.  The author interviewed both in order to understand the 

inner workings of the committee and their perspectives on the final recommendations. Holdren 

explained that there were numerous information-gathering meetings with relevant government 

officials, experts in the academic community, and civil society groups; he highlighted that the 

committee “tapped the insights and opinions of the most knowledgeable folks.”106  Bunn stated 

the same, noting that groups who were major stakeholders provided documents and studies as 

well to support their claims. Bunn explained that the committee poured through all of this 

material, including follow-up with study authors to ask further questions.107  

         Bunn emphasized a theme in the committee that became an issue throughout the 

program: One of the options considered for disposition was the construction of a new advanced 

reactor for MOX fuel irradiation; however, there had been no reactor construction since 1973. As 

a result, the committee performed significant cost analysis because contractors presented widely 

different cost estimates with varying assumptions about financing and construction costs. 

Furthermore, Bunn highlighted an “unfortunate dynamic with the committee and vendors,” since 

each vendor was trying to sell their product. The conclusion by the committee was that the only 

option was for the government to build the reactor.108 The necessity of this new reactor was 
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minimized with the concept of the Spent Fuel Standard and the opportunity to irradiate the fuel 

in existing light water reactors (LWR). The new reactor approach was eventually abandoned as a 

result. Vendor issues including acquisition difficulty, adherence to schedule, and budgeting 

discrepancies would become a consistent theme throughout the program, albeit for MFFF and 

not new reactor construction. 

 

Selecting a Standard and Setting the Disposition Path: 

         The enormous quantity of spent nuclear fuel, a material which contains weapons-usable 

plutonium, meant that trying to eliminate plutonium beyond this existing level of protection was 

unnecessary and of diminishing value. Spent nuclear fuel (SNF), largely a byproduct of the 

commercial reactor sector, is highly radioactive and contains a sizable portion of weapons-usable 

plutonium. As of the end of 2015, the United States possessed 76,000 metric tons of commercial 

SNF with  approximately 1.2% plutonium by mass.109  Based on that composition, the waste 

inventory contains over 900 tons of plutonium; including approximately 50 tons of spent MOX 

fuel would not be a significant addition. Holdren explained that “surplus plutonium was 

outcropping of risk above the spent fuel. Spending money to make it less vulnerable than 

[normal] spent fuel [from commercial reactors] was a waste.”110 Bunn framed the problem in a 

similar manner, noting that the creation of additional spent fuel or spent fuel-like material 

“would be a molehill on top of an existing mountain.”111 Thus, the advanced reactor concepts 

were screened out, because additional spent fuel material would not pose a distinct new risk. 

Frank von Hippel, a physicist and nuclear policy expert, explained that the SFS  “seemed 
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appropriate at the time when there appeared to be two viable options where the plutonium could 

be integrated into an existing waste form type.”112 An anonymous official in the DOE also noted 

that the SFS was appropriate based on the metrics at that time.113  

The consensus was that the Spent Fuel Standard made sense in the 1990s, but that the 

present day security landscape and U.S. national goals have sufficiently changed that the SFS 

may no longer be appropriate. This shifted security landscape arises from the heightened concern 

regarding loose nuclear material in the former Soviet Republics during the 1990s. That concern 

has been replaced by a security community heavily focused on counter-terrorism and 

counterinsurgency. Nonetheless, nonproliferation is still extremely important, and protecting and 

isolating nuclear material in the United States and the Russian Federation is still essential for 

present day security concerns.  

 

The Shift from Dual Approach to Sole-use of MOX: 

         The shift from the dual approach to the sole-use of MOX was a major change in the 

program. Ambassador Linton Brooks, the former Under Secretary of Energy for Nuclear 

Security and Administrator of the NNSA from 2003 to 2007, discussed his viewpoints on this 

change in strategy. He explained that there were NNSA budget constraints in the early 2000s, 

which prevented the DOE from pursuing both MOX and immobilization. Ambassador Brooks 

stated that there was a point in time when only one option could be pursued, and that the MOX 

option was selected because it was believed to be less technically risky. Ambassador Brooks 

discussed the importance of having these various options and explained that the MOX plant was 
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likely the right choice at the time, even though hindsight may have shown otherwise.114 A 

current DOE official explained that the shift made sense at the time; the immobilization option 

was going to cost an enormous sum, possibly even more than MOX; it was impossible to pursue 

both within the funding levels.115  

William Tobey, the former Deputy Administrator for Defense Nuclear Nonproliferation 

at the National Nuclear Security Administration from 2006 to 2009, explained that at the time, 

the notion was that the cost estimates of 50 years of short-term storage, MOX production, and 

immobilization were roughly the same. MOX was selected given the intergenerational equity 

issues with short-term storage and the technical risk surrounding immobilization, because no 

large-scale project had been demonstrated. Tobey discussed the importance of understanding that 

“technical risk translates into financial risk,” and that it was the necessary decision at the time.116 

When looking at opinions in hindsight, some perspectives varied. von Hippel provided the 

important insight that removing the can-in-canister option reduced competition for the MOX 

plant, resulting in minimal cost discipline. 

The shift from immobilization and MOX to solely MOX raised the issue of exactly which 

plutonium would be converted to MOX. According to DOE reports and records of decision on 

this change, around 6.5 metric tons of the feedstock intended for the immobilization option 

would be purified using the advanced aqueous polishing step, which would be added to the 

MFFF.117,118 The specifics of what happened with plutonium feedstocks remain unclear, as the 
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responses of the experts regarding plutonium source were inconsistent and varied from the DOE 

record of decision.119 The experts discussed a variety of plutonium streams, including feedstock 

from other parts of the DOE, which may have been the interpretation of the aforementioned 

record of decision.120  Regardless of the change in feedstock from the cancellation of the 

immobilization program, additional processing steps were added to the plant that were not part of 

the MELOX Plant in France. These changes, and their effect on the overall program, will be 

discussed in more depth later in this chapter. 

  

Mixed Oxide Fuel Fabrication Facility Initial Cost Estimates and Funding: 

         The MFFF has been plagued with issues since the project’s conception. Initially 

considered as a replication of the MELOX plant in France, the project quickly evolved into a 

“first-of-a-kind” project. The commentary of numerous experts from the DOE, contractors, and 

academic community highlights key problems within the program, including low initial cost 

estimates, low funding levels, flat rather than ramping funding profiles, differing US regulation, 

plant design changes, and an insufficient nuclear industrial base. 

         The lack of understanding of the project complexities resulted in initial cost estimates 

that were significantly under the necessary budget. Holdren explained that the original NAS 

report “drastically underestimated cost in initial study,” and that the differing cost became a 

problem with Congress being reluctant to commit the amount of money later required.121 A high 

level DOE official explained that the increase in cost estimates threw the project off from the 
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start.122 Bunn emphasized this issue by explaining that “if you delay any project long enough, the 

industry is suffering from inflation higher than national inflation, and [the project is] given 

inadequate funding to make significant progress,” costs rapidly increase.123 Ambassador Brooks 

reflected that they were spectacularly wrong about the cost and difficulty, by an order of 

magnitude. He made an important concluding point, though, that “anything which uses nuclear 

and construction in the same sentence will cost more than you think”.124 Once these cost 

estimates were set, Congress was reluctant to increase funding levels, which led to another 

continuing issue for the project. 

         Congressional appropriations that are performed on a yearly basis are ill-suited for 

funding large-project construction. These types of projects require funding ramp-up during 

construction and eventual drawdown, rather than constant funding over time. An anonymous 

AREVA engineer assigned to the MFFF contractor consortium explained that the ramped 

funding profile was never met, and that DOE’s awards had been flat. He discussed that without 

sufficient funding, the schedule lengthens.125 Bunn put this statement into perspective by 

discussing how baseline costs such as security consume a significant portion of the budget.126 

For example, if the funding is set at $100 million, and baseline costs are $80 million, only $20 

million is allocated towards construction and equipment. If funding is set at $200 million, and 

baseline costs are still $80 million, there is a 6x increase in construction and equipment 

allocation from a 2x increase in funding. Clay Ramsey, the former DOE MFFF Project Director 
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from 2006-2012, explained that when funding slowed, the project work slowed even more 

substantially because of this phenomenon.127 

  

The US Nuclear Manufacturing Sector, or Lack Thereof: 

One of the key issues apparent from the start of the project was the lack of an appropriate 

industrial base in the nuclear industry. This sentiment was shared by both the DOE project 

management teams and the contractor. Ramsey explained that cost estimates from contractors 

were significantly higher than expected, and there was not sufficient competition because most 

suppliers were uncomfortable with the criteria. Furthermore, he discussed how “the suppliers 

who were awarded contracts struggled to supply the kind of equipment, material, and fieldwork 

that we were expecting. Everything was supplied in quality manner, but it needed to be reworked 

to get it right, which put pressure on cost and schedule.” Ramsey explained how each time the 

DOE opened a competitive procurement, the costs were significantly higher and the contractors 

were not as efficient as expected at delivering and installing equipment.128 The anonymous 

AREVA engineer echoed this view, explaining how the nuclear manufacturing base was not 

fully developed because the US had not executed large-scale nuclear projects since the 1970s. He 

explained, “When we needed nuclear grade equipment, we needed to reconstitute the 

suppliers.”129 The anonymous DOE official reiterated a similar viewpoint: “ensuring the supply 

chain of nuclear equipment was problematic.”130 The AREVA engineer also discussed how new 

reactor development at the Vogtle Electric Generating Plant in Georgia and the Virgil C. 
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Summer Nuclear Generating Station in South Carolina created further issues by attracting talent 

away from the MFFF plant, because the projects provided greater job stability given the 

uncertainty of MFFF funding.131  

 

Regulatory Framework: 

         Regulation added project complications, with stringent standards creating difficulties for 

plant design, equipment supply, construction, and licensing. The project differed from typical 

DOE projects in that the regulating agency was the Nuclear Regulatory Commission (NRC). The 

MFFF Project Director Clay Ramsey explained, “It is extremely unusual to have a NRC 

regulated project performed by the DOE.  Normally the DOE self regulates, but it was NRC 

regulated by direct act of Congress.”132 Nonetheless, DOE has performed projects with NRC 

regulation, including Yucca Mountain. Ramsey went on to observe that “the reason for [NRC’s 

regulation] was that the ultimate purpose of the facility was to produce fuel for commercial 

reactors that are regulated by NRC.” Regulation by the NRC created difficulties for the DOE; the 

DOE was most comfortable with self-regulation, which is very different from the proscriptive 

regulations of the NRC. Ramsey explained the difficulties of doing timely construction with the 

NRC regulation structure: “When you have someone looking over your shoulder, human nature 

is to slow down, be extra cautious. This was particularly significant with [pouring] concrete ; you 

don’t want to do it over again.”133 

         The regulation also differed from the French plants style of regulation, creating further 

construction disparities. Nigel Mote, a technical contractor with significant experience on the 
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Russian Plutonium Disposition Program, commented that the French regulator’s approach was 

significantly different from that of the U.S. NRC. In France, the regulator expects a 

demonstration of safety to minimize risk to the public by some factor, but the way in which 

safety is demonstrated is flexible. With the NRC, calculations of each regulated component must 

not exceed predefined standards. Thus, “translating a plant design with a safety case from French 

regulatory requirements to NRC requirements was impossible without significant changes.”134 

The anonymous DOE Official reiterated that the NRC rules and regulations were significantly 

different and far stricter than in France.135 

 

Further Design Differences and Processing Steps: 

The MELOX plant in France was selected for the design of the MOX plant in order to 

reduce technical risk by mimicking the technology of an existing operating facility. French 

construction approaches and specifications needed to be altered for the United States. Ramsey 

highlighted this phenomenon with a simple example: Components such as “pipe sizes in the US 

are different than the ones in France, and we weren’t going to buy everything from France.” 

While the DOE and contractor kept the overall French process, they made significant alterations 

to the design because of various design specification changes.136 These basic design changes 

definitely added complexity to the project, but additional processing components created 

substantially more trouble. The main challenge was the addition of aqueous polishing (AP), a 

step needed to prepare the plutonium oxide. This aqueous polishing needed to accommodate a 

range of “cleanup” steps, including removing gallium and other alloying metals from the 
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plutonium pits and the removal of unwanted elements from the impure oxide feedstock. AP is 

not used in the MELOX plant, although it is a component of the La Hague Reprocessing Facility. 

Regardless, the project quickly evolved into a first-of-a-kind facility with these additions. 

The various experts that were interviewed provided their insights regarding the plutonium 

feedstock processing. The anonymous DOE official explained that additional processing was 

needed because the original expectation that desired feedstock material could be extracted in the 

pit disassembly stage was incorrect. This was due to the chemical complexity of the feedstock 

plutonium. He added that a changed plutonium feedstock also complicated the issue.137  Bunn 

explained that “the government had the impression that with some swapping around, it would be 

feasible to clean 34 tons of plutonium... that turned out to be incorrect.” Bunn further discussed 

how the original idea was to include the gallium found in weapon pits in the MOX fuel; this was 

later changed because it was determined that the gallium needed to be separated; the aqueous 

polishing section was added as a result. He elaborated that “[AP] added complexity and cost, and 

was not found in the MELOX plant.”138  The challenges of cleaning the Pu feedstock may have 

led to the DOE swapping out material. Mote discussed how one “will find that [the feedstock] 

was not the same material [as originally specified]. Rather than having that material included, the 

DOE included different material that could be recycled. The goal was to find 34 tons that could 

be cleaned up and used to make MOX.”139  

The anonymous Areva Engineer provided further insight into the topic: He explained that 

the original intention was to source a clean stream of plutonium from the DOE. The Pit 

Disassembly and Conversion Facility (PDCF) was going to convert the material from Pantex to 
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an oxide and remove the beryllium (although the gallium would still be present). After this plan 

was scrapped, the MFFF had to incorporate aqueous polishing. He explained that the DOE’s 

expectation was that the AP section could handle four to five feedstocks; as a result, the 

contractor developed flow sheets for each. Furthermore, electrolyzers were modified for 

chlorinated feedstock and the varying concentration of streams needed to be adjusted, either by 

diluting or concentrating the feedstock to the correct specification. He discussed how each of 

these new feedstocks required a new safety analysis due to a perturbation in the process.140  

The project design clearly evolved with each new step. The current plan, which is a result 

of these design changes, involves a complex set of processing steps. The first stage entails 

aqueous polishing, including plutonium oxide dissolution, purification, and conversion to 

remove contaminants (primarily Ga, Am, and Cl).  This is followed by MOX fuel fabrication, 

which involves blending the powdered oxides, producing fuel pellets from the oxides, and 

forming fuel rods with the pellets. The fuel rods are then structured into fuel assemblies.141 

  

MOX Fuel End Use: 

         An important point that was addressed in certain interviews is the question of which 

reactors would use the MOX fuel. In consideration of options moving forward, the ability to 

irradiate MOX fuel rods in the US is essential in selecting a path forward. There must be a US 

reactor that is willing to accept the fuel; fuel rods that have not been irradiated are not self-

protecting and are not ideal waste matrices for geologic disposal. Uranium spot prices are 

currently near 10-year lows, representing an oversupply in the market due the recent shutdown of 
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reactors worldwide.142 As a result, MOX fuel would either need to be heavily discounted from 

the actual production costs or provided for free and with tax incentives.  

Furthermore, it remains unclear if utilities would accept the fuel, based on previous issues 

that occurred at Duke Power with a MOX lead assembly and the complexity of licensing for 

MOX. Mote discussed the fabrication of the lead assemblies at MELOX in the mid-2000s and 

their operation in Duke Power’s Catawba Nuclear Station. He explained that the DOE planned to 

run the lead assemblies in three cycles; one of the goals was to measure the fuel rod growth 

during irradiation. By the second cycle, the rods grew more than the anticipated length after three 

cycles.143 Duke Power decided against irradiating the fuel rods for a third cycle, given concerns 

about further elongation. Nonetheless, an NNSA spokesperson stated that they had received 

sufficient information from the first two cycles and the third cycle would not be needed based on 

that reasoning.144 Mote noted that if the fuel rods were irradiated for another cycle, they could 

have bent because of further elongation, posing risks to the reactor.145 The anonymous AREVA 

Engineer described one possible solution: The new reactors being built at the Vogtle Electric 

Generating Plant and the Virgil C. Summer Nuclear Generating Station will supposedly be 

certified to handle a full MOX core. He described that for the right price and tax incentives, even 

with the uranium glut in the market, those utilities would likely accept the fuel.146 Although this 

question is not widely addressed, knowing the full pathway for MOX fuel is an important 

consideration in selecting the future option. The U.S. government agreed with the Russian 
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Federation to produce and burn MOX, but never signed an agreement with a utility to accept the 

fuel. 

 

The Path Forward: 

         The Obama administration began to pursue the dilute-and-dispose strategy, in which the 

plutonium would be diluted down to the radioactivity of TRU waste and disposed of in WIPP. 

The Trump administration may continue on the same path or may change course. In the process 

of the interviews, some of the most important government officials involved in the project 

discussed insights for moving forward. Tobey presented his opinions on the program as the 

former administrator of the branch of the NNSA responsible for the program: 

“We should pick the most cost effective means of disposing of the material. It was 

enormously expensive to create this material, but it was for the security of the nation. It 

will be enormously expensive to dispose of the material, but is also necessary for the 

security of the nation. Based on intergenerational equity, this is not something that we 

should leave for future generations; it is absolutely imperative we do it. I don’t think the 

Obama administration did sufficient homework to make the decision [to pursue dilute-

and-dispose]; can WIPP actually take the material? It is important to talk with Russia to 

make sure Russia disposes of their material. I am even more concerned with Russia 

disposing of their material than ours, and it is an imperative component of the 

program.”147 

 

Bunn provided further insight as the executive director of the NAS studies and a continued and 

involved expert on the topic: 

“I think it is absurd to try to continue MOX. There is not sufficient US national security 

benefit at that cost. Even the dilute-and-dispose option is several multiples of what we 

estimated back [in the 1990s]; that may not even be worth it. We need to look at the 

storage costs if [the plutonium] were part of the strategic reserve, and maybe think about 

not doing anything until we thought about this hard. [The DOE also] needs to think hard 

about WIPP; A bunch can go to WIPP but not all of the material will necessarily go there. 

[For dilute-and-dispose], we need to think about how much can go into WIPP, if we need 

changes in the law for that, and if a future repository is needed.”148 
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Clay Ramsey, the former project director of the MFFF provided his insight: 

“I had a boss early on, a Deputy Administrator at the time in NNSA. His comment was 

that making this plutonium cost a lot of money. It was a king’s ransom to make [the 

plutonium] and it will be a king’s ransom to dispose of [the plutonium]. He recognized 

that this material is complicated to deal with; there is no easy solution. He appreciated 

that difficulty, and I always remembered that because [disposing of this material] is very 

challenging.”149 

 

The insights of these experts provide valuable evidence that highlight consistent themes 

in the disposition program.  These interviews demonstrate that there were issues of 

communication and technical understanding from the beginning of the program. Fundamental 

misunderstandings such as the inclusion of gallium in spent fuel were far too common and 

questions of changing technical viability were not fully understood. The actual management of 

the program, with regard to contractor, procurement, and regulatory problems, was another major 

issue that was a consistent explanation for the MOX project’s incompletion. These themes will 

be fully analyzed in chapter four and incorporated with material from chapters one and two to 

draw insights into the inner workings of the disposition program. 
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Chapter 4: U.S. Plutonium Disposition Program Failure 

 

Massive, bureaucratic organizations experience difficulties in the execution of large-scale 

projects. The Department of Energy has consistently faced regulatory and technical issues with 

execution, particularly in the management and disposition of excess nuclear material and nuclear 

waste. These projects include the Mixed Oxide Fuel Fabrication Facility for the disposition of 

plutonium, the Waste Isolation Pilot Plant for the disposal of transuranic wastes, and Yucca 

Mountain for the disposal of high-level waste and spent nuclear fuel. The failure to complete 

these projects over the past few decades can be attributed to poor project management combined 

with technical and regulatory uncertainty. The reasons underlying these issues relate to 

organizational culture and structure. Two organizational theories, Principal-Agent Theory and 

Bureaucratic Politics Theory, can be used to explain the failure of the US plutonium disposition 

program.  

Principal-Agent Theory notes that dilemmas arise when the agent is motivated by reasons 

contrary to that of the principal, such as a profit motivation by government contractors. The 

principal is the party that defines the scope of work for an agent and the agent is the party that 

carries out that work. Both the principal and the agent have their own motivation for 

participating in a project. When the principal and the agent are two organizations with mutual, 

but not overlapping interests, the work delegated from the principal to the agent is not 

necessarily executed properly. This occurs because of varying motivations, information 

asymmetry, and the inability for a principal to perfectly monitor an agent.150 In the plutonium 

disposition program, principal-agent dilemmas arose between various entities; the central 

organization, the Department of Energy, was both the principal and the agent. The DOE was an 
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agent to the White House and Congress, which were the principals, and the DOE was a principal 

to the prime contractor, which was the agent.  

Bureaucratic Politics Theory emphasizes that decision making within a bureaucratic 

organization occurs based on that entity seeking to maintain or expand influence or budget 

within the organizational structure. Furthermore, bureaucracies are not designed to be effective 

as a result of the competing interests of those in political power, a fundamental result of a 

democracy.151 The central bureaucratic organization for the Pu Disposition Program is the DOE. 

As a bureaucratic organization working on plutonium disposition, the DOE deals with various 

competing interests of the Congress, specifically the South Carolina Congressional Delegation, 

the White House, and outside parties including NGOs and the academic community.  

Spying Blind, a seminal study by Amy Zegart on the US intelligence community, 

analyzed organizational issues in the pre-9/11 US intelligence agencies. Zegart identified that 

organization-wide culture, structure, and incentives were the underlying cause of failures, not 

specific and isolated incidents. The inability for the intelligence organizations to adapt to 

changing times, to effectively share information, and to create effective incentive structures 

created national security breaches.152 Although the Department of Energy operates in an entirely 

different field, parallels can be drawn with Zegart’s findings regarding the intelligence 

community; these same issues of adaptation, information transfer, and perverse incentives exist 

in DOE projects, specifically the Plutonium Disposition Program.  

The previous chapters identified the crucial breakdowns in the plutonium disposition 

program. These problems began with the intent and wording of the Spent Fuel Standard, as 

                                                
151 Moe, Terry. (1989) “The Politics of Bureaucratic Structure.” Can the Government Govern? Washington 
DC: The Brookings Institution. 267-329.  
152 Zegart, Amy. (2007) Spying Blind: The CIA, FBI, and the Origins of 9/11. Princeton University Press. 
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defined in the 1994 and 1995 National Academy of Sciences’ Reports on Plutonium Disposition 

and Management. The issues evolved with the attempt to transfer technologies without proper 

understanding of the complications and differences between the French and American plants. 

This was compounded by the lack of information flow with the scientific community and NGOs, 

regulatory and procurement issues, and using metrics of cost and schedule rather than technical 

merit. This chapter will discuss these key points of failure in more depth.  

The failure to develop a realistic understanding of the technical alternatives and the 

means to execute them resulted in the present situation. In many ways, the current state of the 

program is not the result of explicit decisions, but rather a drift from one option to the next as 

technical viability and costs are realized too late. No one individual is at fault, but the inter-

decade management of the program resulted in its current failure. 

  

Appropriateness of the Spent Fuel Standard: 

The Spent Fuel Standard (SFS) was a metric that the National Academy of Sciences’ 

1994 report on Plutonium Management and Disposition defined to judge the merits of a waste 

type based on its self-protection relative to that of spent fuel.153 In the previous chapter, 

numerous experts involved in the disposition program argued that the standard made sense at the 

time of its conception and was logical based on the enormous quantity of spent fuel from 

commercial power plants.154,155 Although this argument is valid to a certain extent, it does not 

recognize that the SFS was inherently restrictive and created a perspective focused on showing 

compliance with the standard, rather than exploring technical and scientific alternatives. The 

                                                
153 NAS, Committee on International Security and Arms Control. (1994) Management and Disposition of 
Excess Weapons Plutonium. National Academies Press, Washington, D.C. 
154  Bunn, Matthew. (28 Feb. 2017). Phone Interview with Alexander Lubkin. 
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standard’s likening the barrier to spent fuel resulted in comparison of options only by this metric; 

options that did not include a radiation barrier were quickly discounted. Technologies such as 

immobilization in a durable ceramic combined with deep borehole disposal did not receive full 

consideration because of the absence of a radiation barrier. The prerequisite of a radiation barrier 

also added complexity to handling. While this was beneficial for protection, it greatly increased 

costs for disposition because of the complexity of handling and transferring highly radioactive 

waste. 

The lack of focus on engineered barriers also contributed to an unnecessary narrowing of 

options.  The National Academy of Sciences Report argued that while engineered and 

institutional structures were necessary for disposition types that met the SFS, increasing these 

engineered and institutional barriers for waste forms that did not meet the SFS would not be 

appropriate. Barriers around the material itself were not fully considered, such as deep borehole 

emplacement.156 However, under the SFS burying the material five kilometers beneath the 

earth’s surface in an appropriate geological formation was not considered as inherently 

defensible as embedding the plutonium in a radioactive matrix. This seemingly illogical 

conclusion resulted in questionable decision-making by the DOE.  

The SFS also limited consideration of material properties. Although it focused on the 

‘intrinsic’ properties of the material, it failed to address actual scientific concerns for intrinsic 

material properties. These intrinsic properties of the material relate to the incorporation of the 

plutonium in the structure of a crystalline or amorphous material and the impact of the 

incorporation from a radiation, physical, and chemical perspective. Spent fuel is not actually an 

                                                
156 Deep borehole disposal is a method in which a hole is drilled a few kilometers into a stable geologic 

formation. The plutonium is then embedded in a ceramic waste form to match the geological environment 
of the borehole. Lastly, the waste form is emplaced in the borehole and capped for a distance of around 
two kilometers. The rest of the borehole is then backfilled to seal the hole and fully isolate the material. 
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ideal nuclear waste form. In a 1995 review of high level waste forms,157 Ewing et. al. noted that 

durability of spent fuel is variable and hard to determine based on differing irradiation history,158 

that corrosion can be high under oxidizing conditions, and high leach rates could occur under 

certain conditions. In a 2004 paper, Ewing described the material properties that need to be 

considered for ceramic waste forms for Pu: structures that can incorporate actinides (Pu), neutron 

absorbers (i.e. Hf or Gd), and radioactive fission products (i.e., Cs or Sr); phases that are 

chemically durable; and durable physical and chemical properties (aligned with the geology of a 

disposal site) that are not degraded by alpha-decay damage to the material.159 The decision 

making process focused too heavily on meeting the SFS, and prevented the DOE from pursuing 

better approaches that were defensible, albeit in a different manner than the SFS. 

 

 Off-the-Shelf to First-of-a-Kind: 

Plutonium disposition was supposed to be a technically achievable goal when the U.S. set 

out to dispose of around 50 metric tons of weapon Pu. COGEMA160 developed and implemented 

technology to produce MOX fuel before any US work on plutonium processing began. The 

MELOX Plant, first licensed in 1990, began successful production of MOX in the 1995.161 The 

MELOX plant is similar to the MFFF in that it uses uranium oxide and plutonium oxide 

feedstock, and converts them into mixed oxide fuel pellets, which are then inserted into fuel rods 

and assembled into fuel assemblies. Based on this existing industrial knowledge, it was clear that 

                                                
157 Ewing RC, Weber WJ and Clinard Jr FW. (1995) Radiation Effects in Nuclear Waste Forms for High-

Level Radioactive Waste. Progress in Nuclear Energy. Vol. 29, No. 2, pp 63-127.  
158 Ewing RC. (2015) Long-term storage of spent nuclear fuel. Nature Materials, commentary, vol. 14, 
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159 Ewing RC. (2005) Plutonium and “minor” actinides: safe sequestration. Earth and Planetary Science 
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161 Areva NC. The Melox Plant. Presentation.  http://insaf-net.org/mox_wg/AREVA.pdf. 
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the MOX approach was not perceived as a first-of-a-kind technology. Furthermore, the expert 

interviews supported this consensus. AREVA was contracted as part of a consortium to 

implement the MFFF; this was their third large scale reprocessing facility, so in principle no 

major technical issues should have arisen.  

         In the early 2000s, the U.S. eliminated the immobilization path, directing all of required 

34 metric tons of Pu waste to be converted into MOX fuel. The DOE believed this could be 

achieved with some swapping of Pu. Various experts argued that the shift in technical difficulty 

was not linked to this change and that other misunderstandings of feedstock complicated the 

MOX process. One example of these misunderstandings was the inclusion of gallium in MOX 

fuel. Initially, the program believed that the alloying Ga from pit plutonium could be included in 

the fuel; the DOE should have recognized this problem, as any expert on nuclear fuel would have 

recognized that this would not work (including DOE’s own experts).162 Other components in the 

Pu feedstocks were also not as pure and required additional aqueous polishing. Some of these 

problems can be attributed to a program shift that was originally intended to save costs by 

eliminating the immobilization program; the other issues arose because of a lack of fundamental 

understanding of the processing requirements. If the design was truly a replica of previous 

AREVA plants, there should have been minimal technical issues in design and construction. 

 The MFFF Project was not the first time that a DOE project drifted from a simple off-the-

shelf project into a major first-of-a-kind development project. The vitrification plant at the 

Savannah River Site was initially viewed as a simple, off-the-shelf technology that replicated a 

plant in operation in France.  Once the project ran into difficulties, it was described as a “first-of-

                                                
162 Toevs, James W. and Beard, Cal A. (Feb. 1997) Gallium in Weapon Grade Plutonium and MOX Fuel 
Fabrication. Institute for Energy and Environmental Research.  
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a-kind” facility.163 The shift from easy-to-implement to major development challenge at the 

MOX plant, the vitrification plant, and other facilities is a consequence of principal-agent 

problems that exist within the DOE.  

The principal agent problems arose between Congress as the principal and DOE as the 

agent, the White House as the principal and the DOE as the agent, and the DOE as the principal 

and the contractor as the agent. Policy experts from the White House (principal) dictated a 

strategy without proper communication with scientific and engineering experts. These policy-

makers used the MELOX plant, which resembled the MFFF project as an example, albeit a 

flawed one. The White House (principal) then directed the DOE (agent) to begin work on the 

MOX path. Fundamental misunderstandings in both the science and processing requirements by 

the White House (principal) resulted in seemingly minor changes that were executed by the DOE 

(agent). In turn, there were cost increases and schedule changes; minor changes eventually 

became major development efforts. The DOE was directing construction on the MFFF while 

design work was ongoing.  

Furthermore, the contractor's profit motivation created issues in execution because it 

differed from the DOE’s motivation to complete the project. Frank von Hippel, a nuclear 

physicist and policy expert, explained, “The DOE is notoriously incompetent in overseeing its 

contractors and its cost-plus contracts destroy any motivation by the contractors to stay within 

budget.”164 In these cost-plus contracts, the contractor is reimbursed for “allowed expenses”, plus 

additional profit. The contractors are not encouraged to stay within budget because the contracts 

allow for most expenses and do require a set price. This thesis will not attempt to argue for the 

creation of a different contract structure with the U.S. Government because of the massive scale 
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of the problem; nonetheless, it is important to highlight contract type as one of the important 

factors that led to the project’s cost increases and failure.  

A parallel principal-agent problem arose with Congress (principal) as the funding agency 

for the DOE (agent). The lack of technical knowhow and conflicting political stances within 

Congress (principal) prevented Congress from making informed decisions on ramp-up and 

drawdown funding levels for the DOE (agent). The set of dilemmas between the different entities 

that needed to work in concert resulted in slow progress and a lack of informed communication 

within the government. The conflicting nature of the various relationships combined with the 

informational asymmetries created the environment that resulted in the failure of the plutonium 

disposition program.  

 

Project Management- Contractor, Procurement, and Regulatory Issues: 

 The shift to a “first-of-a-kind” project was also a consequence of various differences in 

contractor base and procurement from the French plant. Clay Ramsey, the Mixed Oxide Fuel 

Fabrication Project Director, explained that even minor changes such as metric to imperial and 

French to US pipe sizes caused cost and schedule increases.165 Government procurement in the 

United States requires that parts are sourced domestically; thus standard items such as piping 

could not simply be shipped from France. The lack of a nuclear industrial base in the United 

States created issues because these parts could not be sourced from other countries. Therefore, 

contractors needed to be reestablished, which created cost and schedule overruns.   

These problems compounded with the differing regulation of the NRC from the French 

regulator and the additional aqueous polishing because of feedstock issues. French regulations 
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expect that nuclear projects minimize overall risk to keep the public safe; in the United States, 

the Nuclear Regulatory Commission mandates that specific components not exceed predefined 

standards. This difference resulted in various design changes, including additional shielding and 

greater automation. The combined result was an entirely over-budget and off-schedule project.  

The DOE should have foreseen these various issues long before construction began. The 

project should not have been posited as a simple go-to technology. Nuclear manufacturing 

experts should have understood that the U.S. contractor base was not fully developed because 

there was no new reactor construction since the 1970s. These experts should have known that the 

contractors needed to be reconstituted, thus increasing the expense of and schedule for 

procurement. Regulations experts should have understood the differences between the U.S. and 

French regulatory structure and stipulated how those differences would affect plant design. 

Furthermore, the expert interviews showed a common trend of blaming the stringent regulation 

of the NRC. Both Clay Ramsey, the project manager of the MFFF, and an anonymous DOE 

official pointed to this difference in regulation from typical DOE self-regulation as a key 

problem.166,167 The MOX fuel was intended for use in commercial reactors, thus necessitating a 

strong regulator; the DOE should have understood the differences in regulations and planned for 

these changes based on knowledge of the NRC framework.  

The expert interviews included discussion of how relevant technical experts were 

consulted. One must question the concept of expert in this context and assess whether the 

definition of ‘experts’ has become too diluted. This “dilution” is the broadening of the definition 

of expert. The redefined, broad category includes people with significant experience in the 

nuclear field who may lack specific and relevant technical skillsets. As a result, certain 
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fundamental scientific or engineering principles may be left out in such consultations with these 

‘experts’. Although this thesis does not contain information regarding the background of these 

experts, a continuation to this work could include the study of the use and qualifications of 

experts as consultants by the Department of Energy. 

 

Technical Shortcomings and the Lack of Collaboration with Scientific Community and Non-

Governmental Organizations: 

Numerous reviews addressing progress on the nuclear waste forms have been published 

the past few decades by experts including Rodney Ewing, William Weber, Isabelle Muller, and 

Gregory Lumpkin, among others.168,169,170,171 In chapter two, scientific work was discussed in the 

context of the progress of the U.S. disposition program.  One can understand the critical material 

aspects of designing an intrinsically safe plutonium waste form by reviewing the technical work 

in these papers. 

The scientific community clearly would have taken a different approach to handling Pu 

disposition given the evidence provided, as previously discussed in chapter two. After reviewing 

the summation of government reports regarding the plutonium disposition in Appendix A.1, 

there is little evidence that the government leveraged actinide waste form research.172 Although 

the expert interviews included discussion of consulting relevant experts, the result of the program 

revealed a seemingly limited knowledge by “experts”.  This lack of collaboration and 
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communication represented a breakdown in a proper development process for the plutonium 

disposition program. The development of disposition approaches within the scientific community 

and knowledge transfer from that community to the DOE could have led to better solutions for 

Pu disposition. 

In addition to the information transfer with regard to disposition path selection, 

consultation of experts in other fields was lacking. As discussed earlier, communication with 

proper experts regarding fuel processing, regulatory differences, and manufacturing-base 

redevelopment may have prevented some of the shortcomings of the plutonium disposition 

project. The DOE should develop better channels going forward to allow outside consultation 

and review by experts to help prevent these failures.  

 

The Issue of Cost as a Metric: 

Review of the government reports in the late 1990s shows that the main focus was 

technical viability, meeting the SFS, and implementation time. Costs were not expected to be a 

major factor based on low estimates for the various projects. Furthermore, expert interviews 

showed that the belief in the late 1990s and early 2000s was that all of the options, including 

MOX, immobilization, and indefinite storage, were similar in cost.173 The validity of this 

argument is questionable based on the enormous differences in project type: a security-based 

program, a ceramic or amorphous waste form manufacturing effort, and a mixed oxide fuel 

fabrication effort are all sufficiently different that it is improbable that the costs would be the 

same at the level of billions of dollars.  Thus, the claim that they were all roughly equal in cost 

reveals a remarkable failure in making the cost estimates.  
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Cost metrics were not estimated correctly once the strategy was set as MOX production. 

A 2014 report by the Government Accountability Office noted that the MOX plants cost 

estimates were approved before designs were finalized.174 An Audit Report by the DOE Office of 

the Inspector General explained that the National Nuclear Security Administration and Shaw 

AREVA MOX Services, LLC (MOX Services) were unable to control costs and that project 

costs were often underestimated.175 The fact that costs estimates were made before the design 

was finished and that contractors costs were not controlled leaves the DOE at fault for poor 

project management. Furthermore, this finding casts doubt on the validity of using cost metrics 

as a measure for the selection of a disposal strategy.  

In the 2000s, and particularly after the meteoric cost increases, reports addressing the 

future path of the Pu Disposition Program focused significantly on costs and not sufficiently on 

technical merit. The plethora of reports by the government and its contractors published between 

2014 and 2016 were redundant, in that they all primarily assessed cost and schedule estimates, 

but varied, in that they concluded with diverse findings. These findings included cost and 

schedule estimates that were drastically different on the order of $10s of billions and varied 

disposition recommendations.176,177,178,179,180 The Department of Energy’s Plutonium Disposition 
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Working Group estimated the life-cycle cost at $25.1 billion with an expected completion date of 

2043.181 By comparison, the Aerospace Corporation Plutonium Disposition Study Options 

Independent Assessment findings showed significantly higher life-cycle costs and a longer 

schedule: $49.5 billion with a completion date of 2059 with higher funding levels and $110.4 

billion with a completion date of 2115 with current funding levels.182 Based on these fluctuations 

and their evident inaccuracy, there is questionable merit in trying to select an option based on 

cost estimates. The DOE should avoid repeating history by working to more accurately make 

estimates of cost based on completed, not changing, designs.  

 

Political Complexity and Funding Profile: 

 Another dimension to the failure of the Plutonium Disposition Program is the changing 

political environment over time. The political goals that motivated the program in the 1990s have 

shifted continuously over the past few decades. Since Congress ultimately dictates funding for 

the DOE, and thus the MOX project, the changing perspectives on the project determine its 

support and funding. The President’s goals also significantly impact the project. Major issues 

arose out of these realities. The first was an insufficient funding profile, which hindered the 

project’s development. This hindrance was due to baseline costs consuming a significant portion 

of the budget. A political rivalry within the government also created issues: the Obama 

administration’s interest in pursuing other options was directly in conflict with a strong 

Congressional Delegation from South Carolina pushing for the continuation of the MFFF. This 
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conflict has slowed the MFFF project and hindered the development of a new approach. 

 The funding profile was not met properly for two reasons: the program funding was 

constrained within competitive appropriations in the DOE. Thus, in order to increase funding for 

the Pu disposition project, the DOE would have had to decrease its budget request elsewhere. 

Furthermore, large-scale projects require a ramp-up and drawdown funding pattern; Congress is 

typically resistant to increasing funding to necessary levels for these types of projects, preventing 

on-time and on-budget completion. For the Plutonium Disposition Program in particular, the 

uncertainty about the project resulted in Congress maintaining low funding levels.  

Once the project drastically increased in cost and schedule estimates in the 2010s, the 

Obama administration commissioned studies to decide on a path forward for plutonium 

disposition. The conclusion of these reports was that the right path forward was the “dilute-and-

dispose” strategy. The Congressional Delegation of South Carolina led by Senator Lindsay 

Graham is on the opposite side of this debate. The SC delegation has been pushing for the 

continuation of the program on the basis that it is the only viable path forward to meet the 

PMDA and that significant resources have been invested in MFFF thus far. The motivation of the 

delegation is also linked to the economic benefit of constructing and operating the plant in South 

Carolina. While the MFFF funding levels have been reduced, project construction still continues 

at a slow pace despite waning support.  

 

Lack of Alignment with a National Strategy: 

 Another important aspect to the plutonium disposition program’s failure is that the MOX 

approach ran counter to the national nuclear strategy of an open fuel cycle. Due to 

nonproliferation concerns, the United States made the decision not to pursue a closed fuel cycle 
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in 1977. As a result, the US lacked not only the infrastructure and skillsets to properly carry out 

the project but also the motivation to complete the project. The US did not integrate plutonium 

disposition into its long-term national strategy of the disposition of nuclear wastes (although that 

program has been plagued with issues as well183).  

 

Inability to Carry Out Agreements:  

 There is a common trend of the Federal Government making agreements, both domestic 

and international, without consideration of the technical ramifications of implementing and 

executing the agreed cleanup, disposition, or disposal activity. Two other agreements in which 

the U.S. has not able to technically execute are the Standard Contracts with utilities under the 

Nuclear Waste Policy Act (NWPA) of 1982 and the Tri-Party Agreement for the cleanup of the 

Hanford Site in Washington State. The NWPA required the DOE to take ownership of spent 

nuclear fuel from utilities by January 31, 1998 in return for payments into the Nuclear Waste 

Fund. Now decades later, the utilities still retain possession of their fuel because of the DOE’s 

inability to complete a geologic repository at Yucca Mountain. As a result, utilities have sued the 

Federal Government, which now owes billions in taxpayer liabilities. These payments to the 

utilities will continue until the DOE remedies the problem.184  

The Tri-Party Agreement between the U.S. DOE, the U.S. Environmental Protection 

Agency, and the State of Washington is a comprehensive cleanup and compliance agreement 

signed in 1989.  The State of Washington filed suit in 2008 when the DOE was unable to meet 

the deadlines. The DOE settled the suit, but then failed to meet the agreement again, resulting in 
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further lawsuits. The State of Washington won these suits that held the DOE accountable and 

required the DOE to set specific milestones for completing the cleanup.185 Although this thesis 

does not delve into the details of the DOE’s inability to implement either of these two 

agreements, they parallel the DOE’s inability to carry out the agreed-upon terms of the PMDA.  

 

Why has the United States been unable to implement its own policy as agreed to with Russia in 

the 2000 Plutonium Management and Disposition Agreement? 

 The failure of the U.S. policy that was agreed to in the 2000 PMDA is primarily a 

consequence of policy-maker's underlying, and possibly misguided, faith in the U.S. 

Government’s ability to implement technology. This trend can be broadly observed in various 

U.S. agreements, including the continued incompletion of the disposition effort under the PMDA 

and the other agreements described above. The Plutonium Disposition Program’s failure can be 

attributed to: 

● Wide scale organizational management problems and ineffective communication. 

● A Standard that limited the Program’s options from the outset. 

● Clouded judgment, unreasonable expectations, and fundamental misunderstandings by 

those in policy-making positions regarding the apparent ease of transferring a pre-

existing plant design from France to the United States. 

● Insufficient consideration of the technical differences from the French design, including a 

limited technical understanding of the feedstock material that resulted in additional 

design complications. 
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● A lack of understanding of the difference between the French regulatory framework and 

the Nuclear Regulatory Commission. 

● The necessity to reconstitute contractors for a nuclear facility development during the 

construction of the MFFF and related facilities.  

● Insufficient communication with technical experts, particularly in the academic scientific 

and engineering communities. 

● Political complexity that shifted support and funding during the project, and resulted in a 

non-ideal funding profile. 

● Attempting to implement a program that did not align with the national strategy for 

nuclear power, which is a once-through nuclear fuel cycle that does not include 

reprocessing or MOX fuel fabrication.  

All of these issues should have been fully understood, considered, and addressed before the DOE 

embarked on such a complicated and expensive program. The poor foundation of the project in 

the late 1990s and the early 2000s resulted in the program limping along until it has reached a 

point of near failure.  
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Chapter 5: The Path Forward for the U.S. Plutonium Disposition Program 

 

Questions Moving Forward:  

Plutonium disposition is a continuing problem for the U.S. nuclear non-proliferation 

agenda. Although the United States has invested significant resources in the disposition program 

over the past two decades, specifically in the Mixed Oxide Fuel Fabrication Facility and related 

facilities, the program needs to be reevaluated without consideration of sunk costs.186 The United 

States needs to answer two important questions:  

● Does the cost of disposition equal the benefit to National Security?  

● And if so, what is the best technically viable solution and organizational framework for 

going forward?  

 The metric of cost relative to national security benefit is inherently difficult to measure. 

This metric is complicated by the previously identified phenomena that cost estimates are 

inaccurate and frequently changing. Nonetheless, Congress and the Executive need to assess a 

program that will be on the order of tens of billions of dollars in an environment of a constrained 

budget. They will then need to determine if there are nonproliferation or other security goals that 

are more significant in their impact than the plutonium disposition program. If these options are 

mutually exclusive, within a limited budget, then difficult decisions will need to be made in 

order to select the most important programs. The U.S. will likely find that pursuing weapon 

plutonium reductions will benefit the United States domestically and internationally and is worth 

the effort and resources. 

                                                
186 Sunk costs are all of the expenses that the program has already incurred but are irrelevant in future 
decision-making. Nonetheless, policy-makers and politicians often mistakenly include consideration of 
these costs because of loss aversion. 
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Assuming the Russian Federation will resume the Plutonium Management and 

Disposition Agreement of 2000187,188, there is the important possibility of significant reductions 

in the plutonium inventories of both countries. Furthermore, the program will demonstrate a 

positive intent under Article VI of the NPT for the push towards eventual disarmament.189  The 

following sections will address the question of technical viability and organizational structure. 

The thesis will conclude that the best path forward will involve geological emplacement under a 

new organizational structure that is unified with a national strategy and draws on best practice.  

 

Exemplar Projects: 

 Understanding the reasons for success of other large-scale government projects is 

important for assessing the future of plutonium disposition. Two examples of successful, large-

scale government projects are the Manhattan Project and the Naval Nuclear Propulsion Program. 

The Manhattan Project was the American effort during World War Two to develop an atomic 

bomb. The program, which was formally initiated in 1942, involved dozens of brilliant minds, 

along with massive industrial capacity and over one hundred thousand workers. The project was 

successful because of the communication among great minds that properly integrated 

mathematics, physics, chemistry, and engineering. The two main challenges of the project were 

producing the fissile material and designing the atomic weapon. The former was a problem of 

chemistry and the later of physics; both required extensive engineering. After exploring 

numerous designs for producing the fissile material, a gaseous diffusion method was selected and 

                                                
187 There is some indication that this is possible based on a recent statement by the Russian Foreign 

Ministry. 
188 Sputnik International. (29 Apr. 2017) Moscow Ready to Consider Renewal of Russia-US Deal of 
Weapon-Grade Plutonium.  
189 The Treaty on the Nonproliferation of Nuclear Weapons, Mar. 5, 1970, 21 U.S.T. 483, T.I.A.S. No. 
6839; 729 U.N.T.S. 161.  
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constructed at Oak Ridge for the production of Uranium-235. Plutonium-239 was produced in 

spent fuel from reactors at Hanford and Oak Ridge and then separated by a chemical separations 

process. The weapon design resulted in the creation of two weapon types, a uranium gun 

assembly weapon and a plutonium implosion weapon. The Manhattan Project hinged on the 

leadership and communication of brilliant thinkers, as well as the total support of the Federal 

Government in a massive project development and workforce effort. The open communication 

fostered an environment in which brilliant scientists were able to propose and discuss ideas and 

compete for their individual success in the program. This academic style led to creative solutions 

to the problem that were then effectively implemented.190,191,192   

 The Naval Reactors (NR) Program was the brainchild of a team at Oak Ridge National 

Laboratory led by Admiral Hyman Rickover, then a Navy Captain. The goal of the NR program 

was to use nuclear power for submarine propulsion. The USS Nautilus, a fully operational 

nuclear-powered submarine, was the first product of that effort only seven years from the 

program’s inception. Within a few more years, several additional submarine reactors and 

prototypes had been designed and constructed. Naval Reactors achieved these technical 

milestones quickly and effectively through an excellent personnel management system that still 

exists today. The system developed by Rickover and his team involves careful selection of 

engineers and operators, an extensive education and training program, close contractor 

                                                
190 Rhodes, Richard. (1986). The Making of the Atomic Bomb. New York: Simon & Schuster Paperbacks.  
191 Burton, Shawn. The Manhattan Project. University of Pittsburgh.  

192 Disclosure: The author is affiliated with Naval Reactors. He interned with the program and is 
contracted to join the organization following graduation. 
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management, and an integrated philosophy of technical knowledge at all levels. The core of the 

program hinges on an individual responsibility for safety and success.193,194 

 There are differences between these programs and the Plutonium Disposition Program 

that hinder an absolute comparison. The Manhattan Project occurred during WWII with 

tremendous support from the Federal Government and the Naval Reactors Program was initiated 

during the Cold War. Nonetheless, Rickover fought for support and funding of NR because there 

were initially many skeptics. Another distinction between the programs is that the Manhattan 

Project and Naval Reactors were defense-based programs, which have received significantly 

more support and funding over the past several decades. Nonetheless, there are lessons from 

these two programs that could be applied to future large-scale government engineering programs.  

A key theme in both projects is personnel management: The Manhattan Project formed 

out of a collaboration of brilliant scientists and engineers; Naval Reactors initially selected the 

best from already selective communities in the U.S. Navy and later developed its own talent 

pipeline. Once the best personnel were selected, it was critical that both programs created an 

environment in which these scientists and engineers could collaborate and work. The Manhattan 

Project, with the creation of the national laboratories, allowed these influential scientists to 

discuss and collaborate on ideas, research and develop on those ideas, and eventually implement 

the best ideas on a large-scale. Naval Reactors created an environment in which all engineers, 

including the most junior, were encouraged to take responsibility and identify problems and 

solutions. Furthermore, NR created a structure well designed for long-term contractor 

relationships. NR laboratories performing the bulk of the research and development have been 

                                                
193 Krahn, Steven. Naval Reactors (NR): A Potential Model for Improved Personnel Management in the 
Department of Energy (DOE).  
194 The United States Naval Nuclear Propulsion Program. (Mar. 2013) The Department of Energy and 
Department of Navy.  
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operated by the same contractors for decades. Personnel changes are agreed to by both the 

contractor and NR.195 Overall, both the Manhattan Project and Naval Reactors created personnel 

management systems that were extremely effective and ultimately resulted in undoubtedly 

successful programs.  

 

A Parallel Program:  

 In addition to grappling with the question of plutonium disposition, the DOE is currently 

floundering in the area of nuclear waste management and disposal. The DOE manages eight 

types of waste, including high-level waste, highly radioactive material from chemical processing 

and irradiating target assemblies; spent nuclear fuel, fuel removed from U.S. Navy nuclear 

operations and commercial reactors (although not yet in the possession of the DOE); and 

transuranic waste, waste containing alpha-emitting transuranic elements with half-lives greater 

than 20 years, in addition to five other types. The DOE is pursuing geologic disposal for these 

waste types. The two major U.S. nuclear waste repositories developed over the past several 

decades are the Waste Isolation Pilot Plant for transuranic waste in New Mexico and Yucca 

Mountain for high level waste and spent nuclear fuel in Nevada. The Waste Isolation Pilot Plant 

is a deep geological repository sited in a salt formation in the Delaware Basin of southeastern 

New Mexico. WIPP began operations in 1999 and successfully disposed of TRU wastes through 

2014, when there was a radiological release. After extensive cleanup, the facility was reopened at 

the beginning of 2017. There is little reliance on engineered barriers at WIPP, with waste placed 

in steel drums that are stacked in rooms in the Salado salt formation. These rooms are then filled 

with MgO backfill, an additional mechanism to contain the waste.  Over time, salt creep is 

                                                
195 Krahn, Steven. Naval Reactors (NR): A Potential Model for Improved Personnel Management in the 
Department of Energy (DOE).  
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expected to encase the waste, breaking the canisters and leaving only the intended geological 

barrier. WIPP is licensed out to 10,000 years.196,197 Yucca Mountain is a proposed repository in 

Volcanic Tuff in Nevada. Work on the repository site begin in the 1970s and continued until it 

was declared unworkable in 2010. The site featured a combination of engineered and geological 

barriers. The siting was questionable with numerous volcanic, tectonic, geological, and 

hydrological concerns. The engineered barriers consisted of advanced waste packages and 

titanium drip shields, but neither were fully developed. The standard for Yucca Mountain 

extended far beyond WIPP, requiring assessments of safety out to one million years.198  

 

Lessons Learned and Redefining the Path Forward: 

 The previous chapter identified multiple key reasons for the failure of the Plutonium 

Disposition Program.  The program ultimately failed because of structural organization and 

communication issues, a waste standard that constrained disposition options, fundamental 

misunderstandings of the technology by those in policy-making positions, insufficient 

understanding of the challenges of transferring a plant design with regard to regulatory and 

procurement issues, an underdeveloped contractor base, political complexity that affected 

funding profile, and the attempt to implement a program that did not align with the National 

closed nuclear fuel strategy. These key reasons for failure should be heeded on both a specific 

and broad scale and considered for any program moving forward. The following decisions 

should be made based on the aforementioned conclusions: 

                                                
196 Swift, Peter. (6 Feb 2017) Deep Geologic Disposal of Radioactive Waste at the Waste Isolation Pilot 

Plant and the proposed Yucca Mountain repository. Stanford University.   
197 Waste Isolation Pilot Plant Year in Review. (Feb. 2016) The US Department of Energy. 
198  Swift, Peter. (6 Feb 2017) Deep Geologic Disposal of Radioactive Waste at the Waste Isolation Pilot 
Plant and the proposed Yucca Mountain repository. Stanford University.   
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● The Standard for disposition should be redefined by the materials science and related 

academic communities. This new Standard should be based on the intrinsic material 

properties, among other metrics.  

● Policy experts need to interface better with the technical community in making 

diplomatic or policy agreements so that technical issues can be avoided in the future. 

Technical experts should be heavily involved in negotiations.  

● When transferring technical designs, a rigorous process should be implemented to 

understand possible regulatory, specification, and procurement differences that could 

arise in advance. This information can then be used to determine if a program is still 

viable under these new considerations. 

● The DOE should leverage the reconstitution of the nuclear components sector from the 

MFFF and new reactor development in the Southeastern United States. In addition, the 

U.S. should select projects that are in alignment with the U.S. industrial base; if not, the 

project should develop relevant, domestic technical capabilities.  

● The DOE should create a new organizational structure. The program should be separated 

from the bureaucratic politics, the Congressional and Executive complexities, and 

funding profile issues.  

 

With the unworkability of Yucca Mountain, and WIPP approaching capacity with further 

transuranic wastes to be disposed, the U.S. needs to determine a new path forward and make 

changes to its nuclear waste program. Another deep geological repository for TRU waste and 

one or more repositories for the spent nuclear fuel and high-level waste will be required.  

Geologic disposal is also the likely path forward for plutonium disposition given the revised US 
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stance of pursuing “dilute-and-dispose” for excess weapons plutonium. Dilute-and-dispose is an 

option in which plutonium is down-blended to resemble TRU waste and disposed at WIPP. 

There are various other options for isolating the plutonium, including using ceramic or glass 

waste forms as discussed earlier in this report. These forms can be coupled with geologic 

disposal, which is a mine-like excavation in a stable geologic formation below 300m, or a deep 

borehole, which is a deep, narrow shaft typically 2-5 km deep. The Plutonium Disposition 

Program should integrate the project specific lessons and organization-wide structural issues 

identified in this study, the effective management systems of successful programs like Naval 

Reactors and the Manhattan Project, and a national strategy for nuclear waste disposition. The 

creation of a new waste management organization was a principal recommendation of the 2012 

Blue Ribbon Commission Report on America’s Nuclear Future and 2016 Integrated Waste 

Management Report on Consent Based Siting.199,200 This recommendation should extend beyond 

solely SNF disposal. 

 

A broad-based, reorganized U.S. nuclear waste and weapon material disposition 

program should combine the plutonium disposition program and other U.S. nuclear waste 

disposal projects into a unified national strategy. This strategy should be implemented by a 

single-purpose organization focused on disposal of all of the nation’s nuclear waste, including 

excess weapons plutonium.  

 

 

 

                                                
199 Blue Ribbon Commission on America’s Nuclear Future: Report to the Secretary of Energy. (Jan. 2012) 
The US Department of Energy. 
200 Integrated Waste Management: Consent Based Siting. (2016) The US Department of Energy.  
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Appendix A: Document Chronology  

 

Appendix A consists of three parts that chronologically summarize reports, papers, documents, 

articles and other pertinent writings in the U.S. government and contractor community, the 

scientific community, and the non-governmental organization community. Appendix A.1 

includes summaries of the critical reports by the government, as well as contracted reports, for 

the U.S. plutonium disposition program. Appendix A.2 includes abstracts of essential scientific 

review papers addressing actinide waste forms, isolation, and disposal (as well as the number of 

times cited to show impact). Appendix A.3 includes summaries of reports, articles, and other 

documents from non-governmental organizations commenting on plutonium disposition. 

 

 

Appendix A.1: The Reports of the US Government and its Contractors on Plutonium Disposition  

 

1994: 

 

Management and Disposition of Excess Weapons Plutonium 

 

NAS, Committee on International Security and Arms Control. (1994) Management and 

Disposition of Excess Weapons Plutonium. National Academies Press, Washington, D.C. 

 

This report is the leadoff government report on U.S. plutonium management and disposition 

posture. It establishes that following the strategic arms reductions between the United States and 

Russia, there is a necessity to dispose of excess weapon plutonium. The report makes four 

principal recommendations given the situation: (1) Create a new weapons and fissile materials 

regime with Russia in order to properly manage and monitor stockpiles, and avoid further 

buildup. (2) Maintain safe storage of fissile materials with an internationally monitored storage 

regime. (3) Pursue a long-term method of plutonium disposition to ensure weapon grade 

plutonium is disposed of quickly, is protected from the environment, and is not easily 

recoverable. (4) Pursue new international agreements for the safety of all fissile material.  

 

Specifically in the category of plutonium disposition, which is the most relevant component to 

this thesis, the report cited three primary options: indefinite storage, which entails a safeguarded 

storage regime extended indefinitely; minimized accessibility, which includes options such as 

isolation in high level waste and irradiation in reactors; and elimination, which makes Pu entirely 

inaccessible, such as irradiation so complete as to leave virtually no fissile material or launching 

into deep space. After review the various options under these categories, the report proposed 

three options: a spent fuel option, involving irradiation in reactors, a vitrification option, 

involving disposing of the plutonium in molten glass mixed with high level waste, and a deep 

borehole option, in which the weapon plutonium would be emplaced in extremely deep 

boreholes to be isolated from the environment indefinitely.  
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1995: 

 

Management and Disposition of Excess Weapons Plutonium: Reactor Related Options. 

 

NAS, Committee on International Security and Arms Control, Panel on Reactor Related Options 

for Disposition of Excess Weapons Plutonium. (1995) Management and Disposition of Excess 

Weapons Plutonium: Reactor Related Options. National Academies Press, Washington, D.C. 

 

This report is a follow-on to the 1994 NAS report to specifically address the options for 

plutonium disposition. The report emphasizes the “Spent Fuel Standard” (SFS), which was 

established in 1994 report and is a standard for weapon Pu disposition at least as defensible and 

inaccessible as Pu in spent fuel. The panel cites the most promising initial options as MOX fuel 

fabrication for irradiation in light water reactors (LWRs) or the Canadian Deuterium-Uranium 

(CANDU) reactors and vitrification with high-level waste to immobilize the plutonium with 

high-level fission products. Several other options were considered but not recommended because 

they failed to meet the SFS, met the SFS but required greater cost and time, or exceeded the SFS, 

but required greater cost and time not worth the added long-term security benefit.  

 

The panel recommended pursuing both the irradiation and vitrification methods in parallel, 

because of the importance of timeliness and the modest cost to start work on both. They urged 

the 1997 DOE EIS, in progress at the time, to recommend pursuing both of these options. 

Furthermore, the panel suggested that the U.S. work with Russia and establish joint projects to 

maintain a parallel approach.   

 

 

Summary Report of the Screening Process to Determine Reasonable Alternatives for Long-term 

Storage and Disposition of Weapons Usable Fissile Materials 

 

DOE, Office of Fissile Materials Disposition. (Mar. 1995) Summary Report of the Screening 

Process to Determine Reasonable Alternatives for Long-term Storage and Disposition of 

Weapons Usable Fissile Materials. DOE/MD-0002.  

 

The screening process report examines all alternatives for fissile material disposition, eventually 

leading to reasonable alternatives that were considered in the environmental impact statement, 

leading to a record of decision. This report begins by determining the adequacy of the spent fuel 

standard established in the NAS report; it reaffirms the value of the SFS as a disposition 

standard. The report then establishes screening criteria for disposition: (1) Resistance to theft and 

diversion by unauthorized parties; (2) Resistance to Retrieval, Extraction, and Reuse by Host 

Nations; (3) Technical Viability; (4) Environment, Safety and Health; (5) Cost Effectiveness; (6) 

Timeliness; (7) Fosters Progress and Cooperation with Russia and Others; (8) Public and 

Institutional Acceptance; (9) Additional Benefits. The following options for plutonium 

disposition are considered: No action (continued storage); continued storage with enhanced 

security; thirteen disposal options (e.g. deep boreholes, subsurface shale, space); six 

immobilization options with radionuclides; and sixteen reactor options. Eleven alternatives for 

plutonium disposition are selected for further review: emplacement in deep boreholes (with or 

without immobilization with radionuclides); borosilicate glass immobilization with radionuclides 
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at a new vitrification plant; ceramic immobilization with radionuclides; electrometallurgical 

treatment with radionuclides; borosilicate glass oxidation/dissolution/immobilization with 

radionuclides; transfer to Euratom Market for MOX fuel burning; consuming in existing LWRs; 

consuming in advanced LWRs; consuming in CANDU Heavy Water Reactors.  

 

 

1996: 

 

Storage and Disposition of Weapons-Usable Fissile Material Final Programmatic 

Environmental Impact Statement. 

 

DOE. (Dec. 1996) Storage and Disposition of Weapons-Usable Fissile Material Final 

Programmatic Environmental Impact Statement. DOE/EIS-0229.  

 

“This document analyzes the potential environmental consequences of alternatives for the long-

term storage (up to 50 years), including storage until disposition, and disposition of weapons-

usable fissile materials from U.S nuclear weapon dismantlements under the responsibility of the 

DOE. Long term storage of nonsurplus inventories of weapons-usable plutonium (Pu) and highly 

enriched uranium (HEU) are required for national defense purposes, while the disposition of 

surplus weapons-usable Pu is necessary in order to implement our national nonproliferation 

policy. In addition to the No Action Alternative, this PEIS assesses three storage alternatives 

(that is, upgrade at multiple sites, consolidation of Pu, and collocation of Pu and HEU) at six 

DOE candidate sites located across the country. These sites are Hanford Site, Nevada Test Site, 

Idaho National Engineering Laboratory, Pantex Plant, Oak Ridge Reservation, and Savannah 

River Site. Although they are not candidate sites for storage, Rocky Flats Environmental 

Technology Site (RFETS) and Los Alamos National Laboratory are assessed for No Action 

Alternative. For the disposition of surplus Pu, three alternative categories (that is, deep borehole, 

immobilization, and reactor) with nine primary alternatives are assessed at several DOE and 

representative Sites for analysis purposes. Evaluations of impacts on site infrastructure, water 

resources, air quality and noise, socioeconomics, waste management, public and occupational 

health and safety, and environmental justice are included in the assessment. The intersite 

transportation of nuclear and hazardous materials is also assessed. DOE’s Preferred Alternative 

is identified in this Final PEIS. The Preferred Alternative for storage is a combination of No 

Action and Upgrade Alternatives for the various DOE sites, and the phaseout of Pu storage at 

RFETS. The Preferred Alternative for disposition of surplus Pu is to pursue a disposition strategy 

involving a combination of immobilization and reactor alternatives, including vitrification, 

ceramic immobilization, and existing reactors.” 

 

 

Technical Summary Report for Surplus Weapons-Usable Plutonium Disposition 

 

DOE, Office of Fissile Materials Disposition. (Oct. 1996) Technical Summary Report for Surplus 

Weapons-Usable Plutonium Disposition. DOE/MD-0003.  

 

“This report summarizes representative technical, cost, and schedule data for the reasonable 

alternatives being considered for the disposition of plutonium declared surplus to national 
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security requirements in the Storage and Disposition of Weapons-Usable Fissile Materials Draft 

Environmental Impact Statement (Storage and Disposition PEIS).”  The Technical Summary 

Report begins by making the SFS, established by the NAS report more explicit: “A concept to 

make the plutonium as unattractive and inaccessible for retrieval and weapons use as the residual 

plutonium in the spent fuel from commercial reactors.” The main findings show the expected 

implementation time, as well as the advantages and disadvantages of each reasonable alternative. 

See report for detailed cost, time, and technical advantages and disadvantages.  

 

 

1997: 

 

Nonproliferation and Arms Control Assessment of Weapons-Usable Fissile Material Storage and 

Excess Plutonium Disposition Alternatives. 

 

DOE (Jan. 1997) Nonproliferation and Arms Control Assessment of Weapons-Usable Fissile 

Material Storage and Excess Plutonium Disposition Alternatives. DOE/NN-0007.  

 

This report addresses the various alternatives for the short-term storage of U.S. weapons usable 

fissile material, as well as the long-term disposition of weapon plutonium. Four options were 

considered for this storage: No action, leaving the Pu and HEU in place, upgrade in place, 

leaving Pu and HEU in place while upgrading the facilities, consolidation, building a singular 

new storage facility for Pu, and co-location, storing both Pu and HEU in a consolidated facility. 

The Secretary of Energy decided on the preferred alternative of consolidation and reduction of 

the number of facilities. Four broad categories were considered for the disposition of weapon Pu: 

No-action, reactor disposition, immobilization, and deep boreholes. The report concluded that 

the reactor options, the homogeneous immobilization options, and the deep borehole 

immobilized emplacement option all met the SFS; nonetheless, the report cited that each posed 

various difficulties in implementation.  

 

 

1999: 

 

Surplus Plutonium Final Environmental Impact Statement 

 

DOE. (Nov. 1999) Surplus Plutonium Final Environmental Impact Statement. DOE/EIS-0283.  

      

“This EIS, the Surplus Plutonium Disposition Environmental Impact Statement (SPD EIS), 

addresses the extent to which each of the two plutonium disposition approaches (immobilization 

and MOX) would be implemented and analyzes candidate sites for plutonium disposition 

facilities and activities (i.e. lead assembly fabrication and postirradiation examination), as well as 

alternative technologies for immobilization.”  The report analyzes 50 metric tons of plutonium, 

mainly in the form pits, metals, and oxides; around 34% of this material is deemed not suitable 

for MOX fuel fabrication because of the complexity, time and cost in purifying the material. The 
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report addresses the three primary facilities to dispose of plutonium using the MOX and 

immobilization approaches: a pit conversion facility for disassembling pits and converted the 

recovered plutonium into oxide, an immobilization facility for converting non-pit plutonium into 

plutonium dioxide for immobilization, and a MOX facility for fabricating plutonium dioxide into 

MOX fuel. The report addresses a variety of site specific issues for facility selection and 

provides a preference for facility siting as follows: Pit disassembly and conversion at SRS, 

ceramic can-in-canister immobilization at SRS, MOX fuel fabrication at SRS, lead assembly 

fabrication at LANL, and postirradiation examination at Oak Ridge National Laboratory. 

 

 

2000: 

 

The Spent Fuel Standard for Disposition of Excess Weapon Plutonium: Applications to Current 

DOE Options.  

 

NAS, Committee on International Security and Arms Control, Panel to Review the Spent-Fuel 

Standard for Disposition of Excess Weapons Plutonium. (2000) The Spent Fuel Standard for 

Disposition of Excess Weapon Plutonium: Applications to Current DOE Options. National 

Academies Press, Washington, D.C.  

 

The charge to this panel from the DOE Office of Fissile Materials Disposition was to amplify 

and clarify the Spent Fuel Standard and determine whether the two disposition methods under 

consideration, can-in-canister immobilization and MOX fuel irradiation, meet this Standard. The 

specific basis of comparison used for the SFS was 30 year-old LWR spent fuel irradiated to 

33,000 megawatt-days per metric ton of heavy metal; furthermore, compliance with the standard 

was based on intrinsic properties on the fuel, not other safeguards or engineered protection. The 

report concluded that the LWR MOX approach was in compliance with the standard while the 

CANDU approach was not. The can-in-canister approach’s compliance was dependent on further 

investigation.  

     

  

2002: 

  

Report to Congress: Disposition of Surplus Defense Plutonium at Savannah River Site. 

 

DOE, NNSA. (Feb. 2002) Report to Congress: Disposition of Surplus Defense Plutonium at 

Savannah River Site. 

  

“The purpose of the review was to identify and recommend a more cost effective approach to 

disposition excess plutonium, one which engages Russian interest and commitment, avoids 

unnecessarily undercutting existing commitments, either domestic or international, and supports 
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broader U.S. nonproliferation and security objectives.” The report evaluated 40 options for 

disposition, and honed in on 12 selected for further review; these included various MOX options, 

advanced reactor options, immobilization options, and storage options. The completion date for 

the as planned MOX and immobilization was 2020 and 2023, respectively. The report concluded 

with improvements for the plutonium disposition program from the review: The cost and time to 

implement was reduced by $2 billion and 3 years, respectively, by replacing immobilization with 

enhanced MOX. Furthermore, the report emphasized focusing on ‘proven’ technologies to 

reduce cost and schedule uncertainties.   

 

 

2007: 

 

Plan for Alternative Disposition of Defense Plutonium and Defense Plutonium Materials that 

were Destined for the Cancelled Plutonium Immobilization Plant  

     

DOE. (Aug. 2007) Plan for Alternative Disposition of Defense Plutonium and Defense Plutonium 

Materials that were Destined for the Cancelled Plutonium Immobilization Plant. 

  

This report outlines the plan for plutonium that was initially intended to be disposed of through 

immobilization via the dual-track approach. After the cancellation of the Plutonium 

Immobilization Plant (PIP) intended for the immobilization option. The 13 MT of Pu intended 

for the PIP would be instead disposed of using a new small-scale vitrification facility, the 

existing H-canyon facility, and the MFFF (the vitrification facility and H-canyon would be need 

for the impure metal and oxide). An alternative to this approach involves small modifications to 

MFFF and H-canyon to accommodate the plutonium intended for the small-scale vitrification 

process.  

 

 

2014: 

 

Plutonium Disposition Program: DOE Needs to Analyze the Root Causes of Cost Increases and 

Develop Better Cost Estimates 

 

GAO (Feb. 2014) Plutonium Disposition Program: DOE Needs to Analyze the Root Causes of 

Cost Increases and Develop Better Cost Estimates. GAO-14-231. 

 

“The Department of Energy’s (DOE) National Nuclear Security Administration (NNSA) 

identified various drivers for the close to $3 billion increase in the estimated cost of the 

Plutonium Disposition program’s two construction projects—the Mixed Oxide (MOX) Fuel 

Fabrication Facility and the Waste Solidification Building (WSB). These drivers included DOE’s 



84 

approval of the MOX facility’s cost and schedule estimates before design was complete and 

schedule delays in construction of the WSB. According to NNSA, the cost of critical system 

components for the MOX facility averaged 60 percent higher than estimated as a result of 

approval of estimates before design was complete.”  

 

 

Audit Report: Cost and Schedule of the Mixed Oxide Fuel Fabrication Facility at the Savannah 

River Site. 

 

DOE, Office of the Inspector General. (May 2014) Audit Report: Cost and Schedule of the Mixed 

Oxide Fuel Fabrication Facility at the Savannah River Site. DOE/IG-0911. 

 

“Overall, the National Nuclear Security Administration (NNSA) and Shaw AREVA MOX 

Services, LLC (MOX Services) have been largely unsuccessful in controlling the cost and 

schedule for the Mixed Oxide Fuel Fabrication Facility (MOX Facility). In March 2012, NNSA 

found that MOX Services was unlikely to complete construction of the MOX Facility according 

to the approved project baseline. NNSA concluded that total project costs were underestimated 

by up to $900 million. NNSA directed MOX Services to develop a baseline change proposal 

with updated cost and schedule projections. MOX Services estimated that completing the MOX 

Facility would cost about $7.7 billion and take until November 2019, representing a cost growth 

of $2.9 billion and a schedule slippage of over 3 years.” 

    

 

Report of the Plutonium Disposition Working Group: Analysis of Surplus Weapon-Grade 

Plutonium Disposition Options 

 

DOE. (Apr. 2014) Report of the Plutonium Disposition Working Group: Analysis of Surplus 

Weapon-Grade Plutonium Disposition Options.  

 

The Plutonium Disposition Working Group (PWG), an internal entity of the DOE, analyzed the 

various options for Pu disposition while taking into account the changing definition of 

disposition in the 21st century. The report primarily focuses on five options: Option 1: 

Irradiation of MOX Fuel in Light Water Reactors (LWRs); Option 2: Irradiation of Plutonium 

Fuel in Fast Reactors; Option 3: Immobilization (Ceramic or Glass Form) with High‐Level 

Waste; Option 4: Downblending and Disposal; and Option 5: Deep Borehole Disposal. The 

report judged these options in the context of five criteria: international commitments, cost, 

duration to complete disposition, technical viability, and legal and regulatory issues. The report 

concluded with a summary of how each of these options would meet these criteria. The PWG 

highlighted dilute-and-dispose as the least expensive option with a relatively short completion 

timeline, despite its inability to meet the PMDA. The MOX option was along the same timeline, 
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but with significantly higher costs. Deep borehole was not given a cost estimate, but was 

determined to be within the range of the dilute-and-dispose option on cost and schedule; it was 

noted that there were technical and regulatory uncertainties. Immobilization was pegged at a cost 

similar to the MOX option, but with a longer timeline and higher risk. Plutonium fuel irradiated 

in fast reactors was deemed extremely expensive and would require additional decades relative 

to the other options to complete.  

  

 

2015: 

 

Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement 

 

DOE, NNSA (Apr. 2015). Final Surplus Plutonium Disposition Supplemental Environmental 

Impact Statement. DOE/EIS-0283-S2.  

 

“In this SPD Supplemental EIS, DOE describes the environmental impacts of alternatives for 

disposition of 13.1 metric tons (14.4 tons) of surplus plutonium for which a disposition path is 

not assigned, including 7.1 metric tons (7.8 tons) of plutonium from pits that were declared 

excess to national defense needs after publication of the 2007 NOI, and 6 metric tons (6.6 tons) 

of surplus non-pit plutonium. The analyses also encompass potential use of MOX fuel in reactors 

at the Sequoyah and Browns Ferry Nuclear Plants of TVA, and at generic reactors…In this SPD 

Supplemental EIS, DOE evaluates the No Action Alternative and four action alternatives for 

disposition of 13.1 metric tons (14.4 tons) of surplus plutonium: (1) Immobilization to DWPF 

Alternative  glass can-in-canister immobilization for both surplus non-pit and disassembled and 

converted pit plutonium and subsequent filling of the canister with high-level radioactive waste 

(HLW) at DWPF; (2) MOX Fuel Alternative – fabrication of the disassembled and converted pit 

plutonium and much of the non-pit plutonium into MOX fuel at MFFF for use in domestic 

commercial nuclear power reactors to generate electricity, as well as potential disposition of the 

surplus non-pit plutonium that is not suitable for MFFF as contact-handled transuranic (CH-

TRU) waste at the Waste Isolation Pilot Plant (WIPP); (3) H-Canyon/HB-Line to DWPF 

Alternative – processing the surplus non-pit plutonium in H-Canyon/HB-Line and subsequent 

vitrification with HLW (in DWPF) and fabrication of the pit plutonium into MOX fuel at MFFF; 

and (4) WIPP Alternative – preparing for potential disposal as CH-TRU waste at WIPP the 

surplus non-pit and disassembled and converted pit plutonium in H-Canyon/HB-Line and the K-

Area Complex at SRS, or preparing the surplus non- pit plutonium in H-Canyon/HB-Line and 

the K-Area Complex at SRS and preparing the surplus disassembled and converted pit plutonium 

in Technical Area 55 (TA-55) facilities at Los Alamos National Laboratory (LANL). Under all 

alternatives, DOE would also disposition as MOX fuel 34 metric tons (37.5 tons) of surplus 

plutonium in accordance with previous decisions. The 34 metric tons (37.5 tons) of plutonium 

would be fabricated into MOX fuel at MFFF for use at domestic commercial nuclear power 
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reactors. Within each action alternative, DOE also evaluates options for pit disassembly and 

conversion of plutonium metal to an oxide form for disposition. Under three of the options, DOE 

would not build a stand-alone Pit Disassembly and Conversion Facility at F-Area at SRS, which 

DOE had previously decided to construct.”  

     

 

Plutonium Disposition Study Options Assessment Phase 1 Report 

 

Aerospace Corp.; Hart MJ, Brown, NF, Rokey MJ, Huslage, HJ, Castro-Bran DJ, Lao NY, 

Duphily RJ, Canales VM, Davis JP, Plumb-Starnes WL, Chien JW. (Apr. 2015) Plutonium 

Disposition Study Options Assessment Phase 1 Report. Contract No. FA8802-14-C-0001. 

 

This report is an independent assessment by the Aerospace Corp. of the 2014 PWG report, 

specifically examining option 1: MOX Fuel and option 4: Downblend. The assessment first took 

into account the 2014 PWG estimate. Aerospace then evaluated changes for the 2014 PWG 

estimate, such as missing costs and updated work scope. The report then incorporated a cost-risk 

assessment, and applied fixed real year cost caps based on congressional funding. The report 

found that under a 500M RY$ / year cap, the total cost for the MOX option would be $47.5B 

with a completion date of 2059. Under a lower $375M RY$ / year cap, the total cost and 

schedule drastically increased: $110.4B with a completion date of 2115. The downblend option 

was estimated at $17.2B with a completion date of 2049. The report concluded that “there is no 

cost-risk confidence level in the assessment where the MOX Fuel Option lifecycle cost-to-go is 

less than the Downblend Option.”  

   

      

Independent Review of Aerospace April 13, 2015 Report TOR-2015-01848 – Plutonium 

Disposition Study Options 

  

High Bridge Associates, Inc. (Jun. 2015) Independent Review of Aerospace April 13, 2015 

Report TOR-2015-01848 – Plutonium Disposition Study Options. Phase 1 Executive Summary & 

Overview Prepared for the MOX Services Board of Governors.    

 

The High Bridge Associates report reviewed the findings of the Phase 1 Aerospace report. The 

High Bridge review argued that the Aerospace report evaluated the MOX option, which is far 

more complete, with risk and cost impacts as high impact and likelihood, whereas it analyzed the 

downblend option, which is in a pre-design phase, with risk and cost impacts as low impact and 

likelihood. High bridge claimed that this is illogical and incorrect; the report further states that 

risk for MOX are overstated and risks for downblending are understated. The High Bridge report 

performed its own cost estimate, pegging the cost of MOX at $20.6B and downblend at $20.0B. 
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It concluded that the risks, both technically and geopolitically, of transitioning from MOX to 

downblend are enormous and not addressed in the Aerospace report.  

 

 

Plutonium Disposition Study Options Assessment Phase 2 Report 

 

Aerospace Corp; Hart MJ, Brown, NF, Rokey MJ, Huslage, HJ, Castro-Bran DJ, Lao NY, 

Duphily RJ, Canales VM, Davis JP, Plumb-Starnes WL, Chien JW. (Aug. 2015) Plutonium 

Disposition Study Options Assessment Phase 2 Report. Contract No. FA8802-14-C-0001.   

     

This report is the second phase an independent assessment by the Aerospace Corp. of the 2014 

PWG report, specifically examining option 2: irradiation of plutonium in fast reactors, option 3: 

immobilization of plutonium with high level waste, and option 5: Disposal of plutonium in deep 

boreholes. The report also incorporates the findings from phase 1 to determine relative rankings 

of the options. The fast reactor concept was deemed more challenging with a higher cost-risk 

than the MOX option. Immobilization was determined to have a similar complexity to MOX, but 

with a higher cost-risk. The report was not able to determine a cost estimate for deep borehole, 

but noted complexity with siting, drilling, and emplacement. The downblend option was 

determined to be the least complex in design and operation with the lowest cost-risk.  

 

 

Final Report of the Plutonium Disposition Red Team 

 

DOE, Plutonium Disposition Red Team. (Aug. 2015) Final Report of the Plutonium Disposition 

Red Team. Oak Ridge National Laboratory.  

 

The primary mission of the Plutonium Disposition Red Team was to compare the MOX option to 

the dilute-and-dispose option in the context of the recently published cost comparisons. Other 

options such as deep borehole disposal and fast reactor technologies were considered, but were 

dismissed because of uncertainties. The Red Team focused on annual funding levels, risks for 

completion, and pathways for cost savings. The report concluded that the MOX approach was 

viable at $700-800M/year, and that it would satisfy the SFS, but not the PMDA timelines. The 

dilute-and-dispose option was determined to be viable around $400M/year over a similar 

duration, and with lower risk than MOX.  
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2016: 

 

2016 Updated Performance Baseline for the Mixed Oxide Fuel Fabrication Facility at the 

Savannah River Site 

 

DOE, Office of Project Management Oversight and Assessments. (2016) 2016 Updated 

Performance Baseline for the Mixed Oxide Fuel Fabrication Facility at the Savannah River Site.  

 

The performance baseline is a report by the DOE that focuses solely on capital acquisition costs, 

and review various aspects of the project to determine a total project cost. The report was 

performed with a predicted annual congressional funding level of $350M/year. The report 

estimated a total project cost of more than $17B, which is more than $7B over the contractor’s 

predicted levels. The performance baseline found that the higher cost was primarily due to a 19 

years longer projected completion time, escalation rate, and contractor allocations for 

management reserves.  

 

 

Comparison of Plutonium Disposition Alternatives: WIPP Diluted Plutonium Storage and MOX 

Fuel Irradiation.  

   

High Bridge Associates, Inc. (Mar. 2016) Comparison of Plutonium Disposition Alternatives: 

WIPP Diluted Plutonium Storage and MOX Fuel Irradiation. Prepared for the MOX Services 

Board of Governors.  

 

“High Bridge Associates, Inc. performed an assessment of technical parameters and estimated 

costs for the US DOE surplus plutonium disposition program for the WIPP and MOX 

alternatives. This included an analysis of the adequacy of the WIPP to accept significant 

quantities of surplus weapons plutonium in addition to those legacy transuranic (TRU) wastes 

already committed for storage in the repository. Specifically, we assessed the statutory basis, 

safety, science, technology, safeguards, nonproliferation, transportation, and cost impacts for 

storing 51.3 metric tons of surplus weapons plutonium at WIPP. It should be noted that the WIPP 

facility is a geological repository designed and permitted primarily for disposal of low 

concentration manufacturing residues of transuranic (TRU) wastes from the weapons complex. It 

is not permitted to store large quantities of concentrated weapons grade plutonium in WIPP. 

Weapons plutonium is isotopically identical to that of the TRU waste plutonium currently stored 

in WIPP (both are 239Pu). However, the weapons plutonium if stored at WIPP will be 

significantly more concentrated and will create a much more hazardous condition relative to 

criticality and safety.” 
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Appendix A.2: Selected Scientific Papers on Actinide Waste Isolation and Disposition  

 

1995:   

    

Radiation Effects in Nuclear Waste Forms for High-Level Radioactive Waste 

       

Ewing RC, Weber WJ and Clinard Jr FW. (1995) Radiation Effects in Nuclear Waste Forms for 

High-Level Radioactive Waste. Progress in Nuclear Energy. Vol. 29, No. 2, pp 63-127.    

      

Times Cited: 522 

 

“High-level nuclear waste in the United States comprises large volumes (tens of millions of 

cubic meters), high total activities (billions of Curies) and highly diverse and complex 

compositions. The principal sources of nuclear waste are: (i) spent nuclear fuel from commercial 

and research nuclear reactors; (ii) liquid waste produced during the reprocessing of commercial 

spent nuclear fuel; (iii) waste generated by the nuclear weapons and naval propulsion programs. 

The latter category now includes over 100 metric tons of plutonium and many hundreds of tons 

of highly enriched uranium from the dismantling of nuclear weapons… Most of these wastes will 

require chemical treatment, processing and solidification into waste forms for permanent 

disposal. The long-term effects of radiation on waste form solids is a critical concern in the 

performance assessment of the long-term containment strategy. In the case of spent nuclear fuel, 

the radiation dose due to the in-reactor neutron irradiation is already substantial, and additional 

damage accumulation during disposal is not anticipated to be significant; thus, this is not a 

subject addressed in this review paper. In contrast, the post-disposal radiation damage to waste 

form glasses and crystalline ceramics is significant. The cumulative cc-decay doses which are 

projected for nuclear waste glasses reach values of 1016 ɑ-decays g-1 in 100 yr. Similarly, 

crystalline waste forms, such as Synroc will reach values of  >1018 ɑ-decay events g-1 in 1000 yr 

for a 20 wt% waste loading. These doses are well within the range for which important changes 

in the physical and chemical properties may occur, e.g. the transition from the crystalline-to-

aperiodic state in ceramics… This paper provides a comprehensive review of radiation effects 

(due to γ-, β- and ɑ-decay events, as well as from actinide doping experiments and particle 

irradiations) on nuclear waste form glasses and crystalline ceramics, particularly Synroc phases, 

zircon, apatite, monazite and titanite. The paper also includes recommendations for future 

research needs.” 
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1997: 

 

Radiation Effects in Glasses Used for Immobilization of High Level Waste and Plutonium 

Disposition.  

 

Weber WJ, Ewing RC, Angell CA, Arnold GW, Cormack AN, Delaye JM, Griscom DL, Hobbs 

LW, Navrotsky A, Price DL, Stoneham AM, and Weinberg MC. (Aug.1997) Radiation Effects in 

Glasses Used for Immobilization of High Level Waste and Plutonium Disposition. Journal of 

Materials Research. Vol. 12, No. 8, pp 1946-1978.  

 

Times Cited: 336 

 

“This paper is a comprehensive review of the state-of-knowledge in the field of radiation effects 

in glasses that are to be used for the immobilization of high-level nuclear waste and plutonium 

disposition. The current status and issues in the area of radiation damage processes, defect 

generation, microstructure development, theoretical methods and experimental methods are 

reviewed. Questions of fundamental and technological interest that offer opportunities for 

research are identified.”  

 

 

The Immobilization of High Level Wastes Using Ceramics and Glasses  

 

Donald IW, Metcalfe BL, and Taylor RNJ. (Mar. 1997) The Immobilization of High Level Wastes 

Using Ceramics and Glasses. Journal of Materials Science. Vol 32, pp 5851-5887.  

 

Times Cited: 523              

  

“An overview is given of the immobilization of high level radioactive waste (HLW) and surplus 

materials from a variety of commercial and defence sources employing glass and ceramic hosts. 

A number of specific host materials are reviewed, including borosilicate and phosphate glasses, 

glass-ceramics and crystalline ceramics. Topics covered include wasteform processing and 

manufacture, in addition to wasteform stability, durability and mechanical behaviour. Although, 

at the present time, borosilicate glass is the generally accepted first generation wasteform for the 

immobilization of HLW, the emergence of new sources of radioactive materials requiring 

immobilization has renewed interest in many of the alternative candidates. These include, in 

particular, titanate, zirconate and phosphate based ceramics, together with iron phosphate based 

glasses and basaltic glass-ceramics. The relative merits and limitations of each host material are 

compared and discussed, with particular reference to processing considerations and to current 

and likely future requirements.” 
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1998: 

 

Radiation Effects in Crystalline Ceramics for the Immobilization of High-Level Nuclear Waste 

and Plutonium. 

 

Weber WJ, Ewing RC, Catlow CRA, Diaz de la Rubia T, Hobbs LW, Kinoshita C, Matzke HJ, 

Motta AJ, Nastasi M, Salje EKH, Vance ER, Zinkle SJ. (Jun. 1998) Radiation Effects in 

Crystalline Ceramics for the Immobilization of High-Level Nuclear Waste and Plutonium. 

Journal of Materials Research. Vol. 13, No. 6, pp 1434-1484.  

 

Times Cited: 709 

 

“This review provides a comprehensive evaluation of the state-of-knowledge of radiation effects 

in crystalline ceramics that may be used for the immobilization of high-level nuclear waste and 

plutonium. The current understanding of radiation damage processes, defect generation, 

microstructure development, theoretical methods, and experimental methods are reviewed. 

Fundamental scientific and technological issues that offer opportunities for research are 

identified. The most important issue is the need for an understanding of the radiation-induced 

structural changes at the atomic, microscopic, and macroscopic levels, and the effect of these 

changes on the release rates of radionuclides during corrosion.” 

 

     

1999: 

 

Nuclear Waste Forms for Actinides.  

 

Ewing, RC. (Mar. 1999) Nuclear Waste Forms for Actinides. Proc. Natl. Acad. Sci. Vol. 96, pp 

3432-3439.  

 

Times Cited: 318 

      

“The disposition of actinides, most recently 239Pu from dismantled nuclear weapons, requires 

effective containment of waste generated by the nuclear fuel cycle. Because actinides (e.g., 239Pu 

and 237Np) are long-lived, they have a major impact on risk assessments of geologic repositories. 

Thus, demonstrable, long-term chemical and mechanical durability are essential properties of 

waste forms for the immobilization of actinides. Mineralogic and geologic studies provide 

excellent candidate phases for immobilization and a unique database that cannot be duplicated by 

a purely materials science approach. The ‘‘mineralogic approach’’ is illustrated by a discussion 

of zircon as a phase for the immobilization of excess weapons plutonium.” 
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Radiation Stability of Gadolinium Zirconate: A Waste Form for Plutonium Disposition. 

 

Wang SX, Begg BD, Wang LM, Ewing RC, Weber WJ, and Govidan Kutty KV. (Dec 1999) 

Radiation Stability of Gadolinium Zirconate: A Waste Form for Plutonium Disposition. Journal 

of Materials Research. Vol. 14, No. 12, pp 4470-4473. 

 

Times Cited: 358 

      

“Zirconate and titanate pyrochlores were subjected to 1 MeV of Kr+ irradiation. Pyrochlores in 

the Gd2(ZrxTi1−x)2O7 system (x = 0, 0.25, 0.5, 0.75, 1) showed a systematic change in the 

susceptibility to radiation-induced amorphization with increasing Zr content. Gd2Ti2O7 

amorphized at relatively low dose (0.2 displacement per atom at room temperature), and the 

critical temperature for amorphization was 1100 K. With increasing zirconium content, the 

pyrochlores became increasingly radiation resistant, as demonstrated by the increasing dose and 

decreasing critical temperature for amorphization. Pyrochlores highly-enriched in Zr (Gd2Zr2O7, 

Gd2Zr1.8Mg0.2O6.8, Gd1.9Sr0.1Zr1.9Mg0.1O6.85, and Gd1.9Sr0.1Zr1.8Mg0.2O6.75) could not be 

amorphized, even at temperature as low as 25 K.” 

 

 

2000: 

 

Zirconia Ceramics for Excess Weapons Plutonium Waste 

 

Gong WL, Lutze W, and Ewing RC. (2000) Zirconia ceramics for excess weapons plutonium 

waste. Journal of Nuclear Materials. Vol. 277, pp 239-249.  

 

Times Cited: 164 

 

“We synthesized a zirconia (ZrO2)-based single-phase ceramic containing simulated excess 

weapons plutonium waste. ZrO2 has large solubility for other metallic oxides. More than 20 

binary systems AxOy-ZrO2 have been reported in the literature, including PuO2, rare-earth 

oxides, and oxides of metals contained in weapons plutonium wastes. We show that significant 

amounts of gadolinium (neutron absorber) and yttrium (additional stabilizer of the cubic 

modification) can be dissolved in ZrO2, together with plutonium (simulated by Ce4+, U4+, or 

Th4+) and impurities (e.g., Ca, Mg, Fe, Si). Sol-gel and powder methods were applied to make 

homogeneous, single-phase zirconia solid solutions. Pu waste impurities were completely 

dissolved in the solid solutions. In contrast to other phases, e.g., zirconolite and pyrochlore, 

zirconia is extremely radiation resistant and does not undergo amorphization. Baddeleyite (ZrO2) 

is suggested as the natural analogue to study long-term radiation resistance and chemical 

durability of zirconia-based waste forms.” 
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2001: 

  

Safe Disposal of Surplus Plutonium 

 

Gong WL, Naz S, Lutze W, Busch R, Prinja A, and Stoll W. (2001) Safe Disposal of Surplus 

Plutonium. Journal of Nuclear Materials. Vol. 295, pp 295-299.   

 

Times Cited: 4 

      

“About 150 tons of weapons grade and weapons usable plutonium (metal, oxide, and in residues) 

have been declared surplus in the USA and Russia. Both countries plan to convert the metal and 

oxide into mixed oxide fuel for nuclear power reactors. Russia has not yet decided what to do 

with the residues. The US will convert residues into a ceramic, which will then be over-poured 

with highly radioactive borosilicate glass. The radioactive glass is meant to provide a deterrent to 

recovery of plutonium, as required by a US standard. Here we show a waste form for plutonium 

residues, zirconia/boron carbide (ZrO2/B4C), with an unprecedented combination of properties: a 

single, radiation-resistant, and chemically durable phase contains the residues; billion-year-old 

natural analogs are available; and criticality safety is given under all conceivable disposal 

conditions. (ZrO2/B4C) can be disposed of directly, without further processing, making it 

attractive to all countries facing the task of plutonium disposal. The US standard for protection 

against recovery can be met by disposal of the waste form together with used reactor fuel.” 

 

 

Plutonium in Crystalline Ceramics and Glasses 

 

Muller I and Weber WJ. (Sep. 2001) Plutonium in Crystalline Ceramics and Glasses. MRS 

Bulletin. Pp 698-706. 

 

Times Cited: 25 

 

This article reviews the various glass and ceramic waste forms that can be used to isolate 

plutonium. The report addresses the historical significance of these systems, namely for the U.S. 

Pu disposition program. It then discusses significant work on ceramic and composite waste forms 

and glass waste forms, and the long-term stability of these material classes for disposition. 
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Alpha-decay damage and aqueous durability of actinide host phases in natural systems. 

 

Lumpkin GR. (2001) Alpha-decay damage and aqueous durability of actinide host phases in 

natural systems. Journal of Nuclear Materials. Vol. 289, pp 136-166.  

 

Times Cited: 175 

   

“This paper provides an overview of the geochemical alteration and alpha-decay damage effects 

observed in the titanate mineral phases brannerite, perovskite, pyrochlore, zirconolite, and the 

silicate mineral zircon. The available data show that brannerite, pyrochlore, zircon, and 

zirconolite are all highly durable in natural systems, often surviving the complete destruction of 

the host rock during weathering. In comparison, perovskite is prone to dissolution and 

conversion to anatase and other secondary alteration products at moderate to low temperatures. 

The mineralogical studies provide quantitative data on the crystalline-amorphous transformation 

and the structure of the metamict state. These studies indicate that the titanate and silicate phases 

of interest become metamict (amorphous) as a result of the gradual accumulation of alpha-recoil 

collision cascades. When compared to the data for synthetic pyrochlore and zirconolite doped 

with 238Pu and 244Cm, dose-age data indicate that the critical dose values for geologically young 

samples of natural pyrochlore and zirconolite are higher by a factor of approximately 2-3. The 

available geological data indicate that most of the natural samples occur in rock types that cooled 

very rapidly to 300°C or lower, followed by slow cooling over geological time periods at lower 

temperatures without subsequent reheating (metamorphism). Average storage temperatures are 

on the order of 100-200°C, indicating that the higher critical dose values of the natural samples 

are due to thermal annealing over geological time periods. The dose-age data also provide 

evidence for the long-term annealing of isolated alpha-recoil collision cascades in perovskite, 

pyrochlore, zirconolite, and zircon. Rate constants obtained from the current data sets suggest 

similar long-term annealing rates of 1-2 x 109 yr-1 for all four minerals. Additional recovery of 

damage from long-term annealing at ambient conditions will not be significant for time periods 

up to approximately 107 yr.” 

     

 

 

 

 

 

 

 

 

 

 



95 

The Design and Evaluation of Nuclear Waste Forms: Clues from Mineralogy. 

 

Ewing RC. (Jun. 2001) The Design and Evaluation of Nuclear Waste Forms: Clues from 

Mineralogy. The Canadian Mineralogist: Journal of the Mineralogical Association of Canada. 

Vol. 39, pp. 697-715.     

 

Times Cited: 157 

       

“The disposal of fission products and actinides generated by the nuclear-fuel cycle is one of the 

major challenges in Environmental Sciences of the 21st Century. Because some fission products 

(e.g., 99Tc, 129I, 79Se and 135Cs) and actinides (e.g., 239Pu and 237Np) are long-lived, they have a 

major impact on the risk assessment of geological repositories. Thus, demonstrable long-term 

chemical and mechanical durability are essential properties of waste forms for the 

immobilization and disposal of radionuclides. Mineralogical and geological studies provide 

excellent candidate phases for immobilization and a unique database that cannot be duplicated by 

a purely Materials Science approach. The “mineralogical approach” is illustrated by a discussion 

of zircon as a phase for the immobilization of plutonium from dismantled nuclear weapons. 

Other minerals, e.g., monazite, apatite, pyrochlore, zirconolite and zeolites, also are important 

candidates for the immobilization of actinides.”  

  

   

2002: 

 

Plutonium in Glass, Ceramic, and Composite 

  

Muller I, Weber WJ, Vance ER, Wicks G, and Karraker Dl. (2002) Chapter 10: Plutonium in 

Glass, Ceramic, and Composite. Advances in Plutonium Chemistry 1967-2000. American 

Nuclear Society, LaGrange, IL, pp 260-307. 

 

Times Cited: 11 

   

“This chapter presents a review of the glass and ceramic systems in which plutonium can be 

dissolved and their flexibility in retaining various grade of plutonium, which often cannot be 

purified without great expense and difficulty. Since the glass matrix and ceramic materials often 

differ in their composition and technique of preparation, they are presented in separate and 

parallel sections… Lastly, the current international effort associated with the immobilization of 

excess weapon plutonium and plutonium residues within the nuclear weapons complexes has 

resulted around the world in pilot scale and industrial facilities for plutonium immobilization. 

These facilities are currently processing or are in the testing phase for the significant quantities 
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of plutonium that may be incorporated into glasses or ceramics. Thus, an industrial perspective 

will conclude the chapter.” 

 

 

2004: 

 

Nuclear Waste Disposal--Pyrochlore (A2B2O7): Nuclear Waste Form for the Immobilization of 

Plutonium and “minor” Actinides.  

 

Ewing RC, Weber WJ, and Lian J. (Jun. 2004) Nuclear Waste Disposal--Pyrochlore (A2B2O7): 

Nuclear Waste Form for the Immobilization of Plutonium and “minor” Actinides. Journal of 

Applied Physics. Vol 95, pp 5949-5971.  

 

Times Cited: 634 

     

“During the past half-century, the nuclear fuel cycle has generated approximately 1400 metric 

tons of plutonium and substantial quantities of the ‘‘minor’’ actinides, such as Np, Am, and Cm. 

The successful disposition of these actinides has an important impact on the strategy for 

developing advanced nuclear fuel cycles, weapons proliferation, and the geologic disposal of 

high-level radioactive waste. During the last decade, there has been substantial interest in the use 

of the isometric pyrochlore structure-type, A2B2O7, for the immobilization of actinides. Most of 

the interest has focused on titanate-pyrochlore because of its chemical durability; however, these 

compositions experience a radiation-induced transition from the crystalline-to-aperiodic state due 

to radiation damage from the alpha-decay of actinides. Depending on the actinide concentration, 

the titanate pyrochlore will become amorphous in less than 1000 years of storage. Recently, 

systematic ion beam irradiations of a variety of pyrochlore compositions has revealed that many 

zirconate pyrochlores do not become amorphous, but remain crystalline as a defect fluorite 

structure-type due to disordering of the A- and B-site cations. The zirconate pyrochlores will 

remain crystalline even to very high doses, greater than 100 displacements per atom. Systematic 

experimental studies of actinide-doped and ion beam-irradiated pyrochlore, analyses of natural 

U- and Th-bearing pyrochlore, and simulations of the energetics of the disordering process now 

provide a rather detailed understanding of the structural and chemical controls on the response of 

pyrochlore to radiation. These results provide a solid basis for predicting the behavior and 

durability of pyrochlore used to immobilize plutonium.” 

  

 

 

 

 

 

 



97 

Nuclear Waste Forms  

 

Stefanovsky SV, SV Yudintsev, Giere R, and Lumpkin GR. (2004) Nuclear Waste Forms. Energy, 

Waste, and the Environment: a geochemical perspective. Geological Society, London, Special 

Publications. Vol. 236, pp 37-63. 

 

Times Cited: 70 

      

“This review describes nuclear waste forms for high-level waste (HLW), that is, glasses, 

ceramics, and glass-ceramics, as well as for low- and intermediate-level waste (LILW), that is, 

cement, bitumen, glass, glassy slags, and ceramics. Ceramic waste forms have the highest 

chemical durability and radiation resistance, and are recommended for HLW and actinide (ACT) 

immobilization. Most radiation-resistant materials are based on phases with a fluorite-related 

structure (cubic zirconia-based solid solutions, pyrochlore, zirconolite, murataite). Glass is also a 

suitable matrix for HLW containing fission and corrosion products, and process contaminants 

such as Na salts. Within the framework of the HLW partitioning concept providing separation of 

short-lived (Cs, Sr) and long-lived (rare earth element-ACT) fractions, glass may be used for 

immobilization of the Cs-Sr-bearing fraction, whereas the rare earth-ACT fraction may be 

incorporated in ceramics. Glass-based materials or clay-based ceramics are the most promising 

LILW forms, but cement and bitumen may also be applied as matrices for low-level wastes 

(LLW).” 

   

   

2005: 

   

Plutonium and “minor” actinides: safe sequestration 

 

Ewing RC. (2005) Plutonium and “minor” actinides: safe sequestration. Earth and Planetary 

Science Letters. Vol. 229, pp 165–181.  

 

Times Cited: 65 

 

“The actinides exhibit a number of unique chemical and nuclear properties. Of particular interest 

are the man-made actinides (Np, Pu, Cm and Am) that are produced in significant enough 

quantities that they are a source of energy in fission reactions, a source of fissile material for 

nuclear weapons and of environmental concern because of their long half-lives and radiotoxicity. 

During the past 50 yr, over 1400 mT of Pu and substantial quantities of the “minor” actinides, 

such as Np, Am and Cm, have been generated in nuclear reactors. There are two basic strategies 

for the disposition of these elements: (1) to “burn” or transmute the actinides using nuclear 

reactors or accelerators; (2) to “sequester” the actinides in chemically durable, radiation- 
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resistant materials that are suitable for geologic disposal. There has been substantial interest in 

the use of isometric pyrochlore, A2B2O7 (A=rare earths; B=Ti, Zr, Sn and Hf), for the 

immobilization of actinides, particularly plutonium. Systematic studies of rare-earth pyrochlores 

have led to the discovery that certain compositions (B=Zr, Hf) are stable to very high doses of a-

decay event damage. The radiation stability of these compositions is closely related to the 

structural distortions that occur for specific pyrochlore compositions and the electronic structure 

of the B-site cation. This understanding provides the basis for designing materials for the safe, 

long-term immobilization and sequestration of actinides.” 

 

 

2006: 

 

Immobilisation of Radioactive Waste in Glasses, Glass Composite Materials and Ceramics. 

 

Lee WE, Ojovan MI, Stennett MC, and Hyatt NC. (2006) Immobilisation of radioactive waste in 

glasses, glass composite materials and ceramics. Advances in Applied Ceramics. Vol. 105, No. 1, 

pp 3-12.  

 

Times Cited: 178 

     

“The basic principles of incorporating high level radioactive waste into glasses, ceramics 

(Synroc type) and glass composites including glass ceramics are described. Current UK 

technology uses glass wasteforms for the products of reprocessing, although many countries are 

temporarily storing the ceramic spent fuel for eventual disposal. Some waste streams may be 

incorporated into ceramics, but difficult or legacy wastes will require the development of other 

wasteforms comprising composite systems of crystals and glass. The importance of processing–

property– structure (especially durability) relations in such systems over size scales from the 

atomic to the geological and on timescales to hundreds of thousands of years is highlighted.” 

 

     

Ceramic Waste Forms for Actinides 

 

Lumpkin GR. (Dec. 2006) Ceramic Waste Forms for Actinides. Elements. Vol. 2, pp. 365–372.  

 

Times Cited: 144 

       

“The concept of nuclear waste forms based on minerals that contain actinides has led to the 

development of polyphase and special-purpose crystalline ceramics. These ceramics are 

considered by many to be attractive media for the long-term storage of actinides in geological 

repositories. The available data show that monazite, pyrochlore, zircon, and zirconolite are all 
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highly durable in both natural and synthetic aqueous systems at low temperatures. In 

comparison, perovskite is prone to dissolution and conversion to anatase and other secondary 

alteration products. The titanate and silicate phases of interest become metamict (amorphous) as 

a result of irradiation. Several compounds, including monazite, cubic zirconia, and the defect 

fluorite structure types with Zr on the B site, exhibit the attractive property of radiation 

“resistance.” These results, together with other materials properties, are discussed briefly with 

respect to criteria for waste form performance.”  

   

   

2007:     

 

Ceramic Matrices for Plutonium Disposition.  

 

Ewing RC. (2007) Ceramic Matrices for Plutonium Disposition. Progress in Nuclear Energy. 

Vol. 49, pp 635-643.   

 

Times Cited: 69 

      

“One of the major issues related to the expanded use of nuclear power and the development of 

advanced nuclear fuel cycles is the fate of plutonium and ‘‘minor’’ actinides. In addition, 

substantial quantities of plutonium and highly enriched uranium from dismantled nuclear 

weapons now require disposition. There are two basic strategies for the disposition of the 

actinides: (1) to ‘‘burn’’ or transmute the actinides using nuclear reactors or accelerators; (2) to 

‘‘sequester’’ the actinides in chemically durable, radiation- resistant materials that are suitable 

for geologic disposal. This paper deals with actinide-bearing materials that support the latter 

approach. During the past two decades, a considerable amount of research and development has 

been done in an effort to develop matrices for the immobilization of plutonium and the ‘‘minor 

actinides’’, Np, Am and Cm. A variety of waste form materials e oxides, silicates and phosphates 

e have been developed that have a high capacity for the incorporation of actinides, are 

chemically durable and, in some cases, resistant to the radiation-induced transformation to the 

aperiodic state. These waste forms can be selected depending on the composition of the waste 

stream that contains the actinides, the desired materials’ properties of the waste form, and the 

geochemical and hydrologic conditions of the specific repository. The present state-of-

knowledge for these materials is such that now one can design materials for very specific 

conditions, such as the thermal history and accumulated radiation dose, in a repository.” 
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2011:  

 

Actinide Waste Forms and Radiation Effects 

 

Ewing RC and Weber WJ. (2011) Actinide Waste Forms and Radiation Effects. Chapter Thirty-

Five. The Chemistry of Actinide and Transactinide. pp 3813-3887.  

 

Times Cited: 28 

 

This chapter is a review of decades of work on the development of actinide waste forms. Ewing 

and Weber address the history of the work, and the developments over the past few decades. The 

paper then discusses the importance of advanced waste forms for applications, namely for 

increased safety in geologic disposal. Ewing and Weber map out the various actinides produced 

in the nuclear fuel cycle, the radiation effects from those isotopes, and the impact on both 

crystalline ceramics and glasses. The report then addresses various other components of waste 

form stability, including solubility and chemical durability. The chapter concludes with a 

summary of work and properties of specific multiphase waste forms (e.g. Perovskite, Zircon, 

synroc, etc).  
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Appendix A.3: Non-Governmental Organization Commentary on Plutonium Disposition 

 

1993: 

 

Disposition of Separated Plutonium 

 

Berkhout F, Diakov A, Feiveson H, Hunt H, Lyman E, Miller M, and von Hippel F. (1993) 

Disposition of Separated Plutonium. Science & Global Security, Vol. 3, pp. 161-213.  

 

“In the immediate term, plutonium, recovered from dismantled nuclear warheads and from civil 

reprocessing plants, will have to be stored securely, and under international safeguards if 

possible. In the intermediate term, the principal alternatives for disposition of this plutonium are: 

irradiation in mixed-oxide (MOX) fuel assemblies in commercial unmodified light-water 

reactors or in specially adapted light-water reactors capable of operating with full cores of MOX 

fuel or incorporation into a matrix with high-level waste (HLW). Of these three options, blending 

plutonium into HLW as it is being glassified for final disposal is probably the least costly and the 

least burdensome to safeguards resources.”  

   

   

1998: 

  

US Standards for Protecting Weapons-Usable Fissile Material Compared to International 

Standards. 

 

Bunn G (Fall 1998). US Standards for Protecting Weapons-Usable Fissile Material Compared 

to International Standards. The Nonproliferation Review, pp 137-143. 

 

The intention of this paper was to create a definition for the “stored weapons standard” that was 

comparable to international standards. The report discussed that the U.S. standard was high in 

comparison to international standards. The U.S. standard, defined through DOD directives and 

the NRC, was compared to the Convention on the Physical Protection of Nuclear Materials of 

1980 and the IAEA’s guidelines for physical protection. The report then goes through the various 

details of each standard, and the discrepancies between them.  
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How to Simplify the Plutonium Problem 

 

von Hippel FN. (Jul. 1998) How to Simplify the Plutonium Problem. Nature, Vol 394, pp 415-

416.  

 

This paper described various proposals for reducing the risk of lost or stolen Pu across the globe. 

The report addressed the plutonium difference between “reactor-grade” and “weapon-grade”, 

noting that despite common knowledge that reactor-grade is safer, both are weapons usable. The 

paper then stated that reprocessing does not make sense economically, and creates a risk for 

weapons proliferation and plutonium diversion. The report concluded with a proposal to suspend 

reprocessing and replace it with fuel swaps in countries including Britain, Russia, and France. In 

Britain specifically, the suggested plan was to swap a few dozen tons of separated plutonium and 

associated waste for foreign spent fuel, which is more easily stored.  

 

 

Immobilization of Excess Weapon Plutonium: A Better Alternative to Glass 

 

Macfarlane A. (Sep. 1998) Science & Global Security. Vol. 7, pp 271-309. 

 

“The United States plans to immobilize several metric tons of excess weapons plutonium in a 

solid matrix. The selected material must achieve the short term goal of deterring proliferation 

through theft or host nation reuse, and the long term goal of preventing plutonium exposures 

over geologic time. The Department of Energy, after internal review, has recently decided on 

Synroc, a crystalline ceramic, to immobilize the plutonium. This paper presents an independent 

technical comparison of glass versus ceramic immobilization options, and reaches similar 

conclusions to those of the Department of Energy. On a technical basis, Synroc performs better 

than glass in a number of areas. It is more proliferation resistant than glass due to the more 

complicated and less well known extraction process that would be required to separate the 

plutonium. Synroc is more chemically durable than borosilicate glass and can dissolve more 

depleted uranium than glasses to address future criticality problems. Now that the Department of 

Energy has selected Synroc as the waste form of choice for plutonium disposition, it should also 

be reconsidered for immobilization of high level nuclear waste.” 
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2002: 

   

U.S Program for Disposition of Excess Weapons Plutonium   

 

Bunn M. (Aug. 2002) U.S Program for Disposition of Excess Weapons Plutonium. IAEA-SM-

346/102, pp 79-91.  

     

“After an exhaustive interagency study, the United States has declared that 52.7 tons of 

plutonium, over half of its stockpile, is excess to its military needs, and has decided to pursue a 

dual track approach to eliminating this excess stockpile, burning some of it once through as 

power reactor fuel, and immobilizing the remainder with intensely radioactive fission products. 

This effort represents a significant step toward increasing the irreversibility of nuclear arms 

reductions and reducing the risk of nuclear proliferation. The United States expects to complete 

disposition of this material over the next 2-3 decades, at a net discounted present cost of 

approximately $1.5 billion. International verification and stringent security and accounting for 

the material are planned for the entire program. Only a small number of U.S. reactors and 

relatively modest modifications to U.S. immobilization facilities will be required to implement 

the preferred approaches. Development and testing activities are already underway, and 

demonstrations of conversion of plutonium weapons components to oxide, immobilization of 

plutonium in large waste canisters, and use of fuel made from weapons plutonium in reactors are 

planned for the next several years. Large scale implementation of plutonium disposition, 

however, is only likely to succeed if the United States and Russia reduce their excess plutonium 

stockpiles on parallel timescales. The dual track approach, while controversial in the United 

States, is completely consistent with longstanding U.S. nonproliferation and fuel cycle policies, 

which do not encourage reprocessing, and support reducing stockpiles of separated plutonium 

worldwide. In the author's view, the most important next step in plutonium disposition is 

establishing an international cooperative approach financing plutonium disposition in Russia. In 

addition, genuine irreversibility of nuclear arms reductions can only be achieved if current plans 

to retain large reserves allowing rapid increases in deployed nuclear arsenals are reversed, and an 

agreement reached to reduce total U.S. and Russian stockpiles of nuclear warheads and fissile 

materials to low levels. Success in these difficult endeavors will require a significant increase in 

high level attention devoted to this critical international security problem.” 
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2006:  

 

Disposition of Excess Plutonium: Rethinking Security Objectives and Technological Approaches. 

 

Bunn M. (Jul. 2006) Disposition of Excess Plutonium: Rethinking Security Objectives and 

Technological Approaches. Testimony before the Subcommittee on Strategic Forces, Committee 

on Armed Services, U.S. House of Representatives.  

 

This is congressional testimony by Matthew Bunn, the former study director of the 1994 and 

1995 NAS Plutonium Management and Disposition Reports. In this testimony, Bunn makes four 

primary points: “1) Plutonium disposition is not among the top priorities for reducing the risk of 

nuclear theft and terrorism, and can actually increase that risk unless very high standards of 

security are maintained throughout the process. (2)  Disposition of U.S. and Russian excess 

plutonium can nevertheless offer security benefits that are worth the effort if and only if the 34 

tons of weapons plutonium on each side covered by the U.S.-Russian Plutonium Management 

and Disposition Agreement (PMDA) is the first step toward disposition of much larger quantities 

of plutonium. (3)  Congress should support moving forward with disposition of excess weapons 

plutonium, under appropriate conditions.(4)  But before providing the billions of dollars 

necessary to build and operate major facilities for producing uranium-plutonium mixed-oxide 

(MOX) fuels in the United States, or to help build new reactors and plutonium fuel facilities in 

Russia, Congress should ensure that (a) a policy context is put in place that will make it possible 

for plutonium disposition to offer benefits worth its costs; and (b) important technological 

alternatives to current approaches are fully considered.” 

   

       

2013: 

 

The Future of Plutonium Disposition 

 

Clements T, Lyman E, and von Hippel F. (2013) The Future of Plutonium Disposition. Arms 

Control Association.  

 

This article summarized the future of plutonium disposition in the U.S. The paper first provided 

a history of plutonium disposition in the U.S., from the signing of the PMDA to the post-2010 

reassessment of the MOX approach. The report then addressed disposition alternatives, including 

disposal in WIPP, immobilization with HLW, and ceramic immobilization for deep borehole 

emplacement, noting that all would avoid the cost and risk of the MOX approach. The article 

concluded that the government needs to seek these new pathways, and perform and independent 

review of the MOX program, among other options.   
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2014: 

 

Plutonium Disposition: What are we trying to accomplish? 

 

Bunn M. (Jan. 2014) Plutonium Disposition: What are we trying to accomplish? Plutonium 

Disposition Alternatives Workshop. Union of Concerned Scientists, Washington DC.  

 

This presentation was given at a Union of Concerned Scientists workshop on plutonium 

disposition options. Bunn contextualized the Pu disposition option with the three primary and 

two subsidiary goals for plutonium disposition: The primary goals were to “reduce the risk of 

nuclear theft and terrorism, support deep, transparent and irreversible arms reductions, and 

reduce the burdens of indefinite storage.” The secondary goals of providing jobs and addressing 

politics have become significant in the decision making process. Bunn then addressed the facets 

of the 1994 NAS report, discussing the SFS and recommended disposition pathways. He then 

made the point that plutonium disposition is not necessarily a top priority for threat reduction, 

but if done properly, could offer benefits for future arms reductions. Bunn explained that U.S. 

immobilization options, including can-in-canister, WIPP immobilization, and deep borehole 

disposal, could meet U.S. security objectives and that meeting the SFS fully is not critical. Bunn 

then discussed ramifications with Russia and that Pu transfers should be considered. Bunn 

concluded with six recommendations: “focus first on high standards of security and accounting, 

focus second on international monitoring, pursue deep reductions in weapons and materials, 

pursue alternatives to MOX, seek an understanding with Russia, and design options to be 

expandable.” 

  

 

Excess Plutonium Disposition: The Failure of MOX and the Promises of Its Alternatives. 

 

Lyman ES. (Dec. 2014) Excess Plutonium Disposition: The Failure of MOX and the Promises of 

Its Alternatives. Union of Concerned Scientists.  

 

This report addressed the current pathway for Pu disposition, MOX fuel fabrication, as well as 

alternatives. The report found that “The MOX program has veered off on the wrong track. 

Immobilization or downblending are the only technologies clearly capable of handling the bulk 

of the current and projected future inventories of excess plutonium. The DOE should explore the 

full range of options before making a decision and revising its disposition plan. Given the 

lengthy period of time that will be needed to complete the task under any option, the DOE should 

take the time it needs to carefully consider the options and to make the right decision. A well-

justified proposal will also help to obtain Russia’s consent, which will be required for any 

change to the U.S. plan for disposing of the 34 metric tons of plutonium covered under the 

bilateral agreement.”   
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2016: 

 

Dealing with Russia’s Concern about the Isotopics of Disposed Plutonium  

 

Lyman E and von Hippel F. (Apr. 2016) Dealing with Russia’s Concern about the Isotopics of 

Disposed Plutonium. Union of Concerned Scientists and Princeton University.  

 

This short publication addressed comments by Senators Lindsey Graham and Tim Scott to 

Energy Secretary Moniz regarding statements by President Putin about the recovery of Pu from 

the dilution method. Lyman and von Hippel argued that Graham, Scott, and Putin’s positions 

regarding the isotopics are of little technical merit, and clarify that Russia’s “disposed” Pu will 

be reused eventually. They recommended that the DOE study an isotopic dilution alternative as a 

possible approach in response to Russian statements.  

 

 

Plutonium Management Policy in the United Kingdom: The Need for a Dual Track Strategy.   

 

Hyatt NC. (2016) Plutonium Management Policy in the United Kingdom: The Need for a Dual 

Track Strategy. Energy Policy. Vol. 99, pp 1-7.  

 

“The United Kingdom holds the largest stockpile of separated civil plutonium in the world, 

projected to reach 140 t, at the end of this decade, when reprocessing operations are complete. 

UK Government policy is that this material should be reused as MOX fuel in Light Water 

Reactors. This policy is re-examined in the light of recent experience of the US plutonium 

disposition programme, in which the MOX Fuel Fabrication Facility is now considered to be 

potentially unaffordable. Problematic aspects of US programme, relevant to the UK scenario, are 

reviewed, to understand the possible impact on UK policy. Based on the US experience and 

inherent uncertainty regarding the capital and operational costs of MOX fuel fabrication and 

plutonium immobilisation facilities, and the associated technical risks, it is concluded that the 

UK policy should explicitly adopt a dual track strategy to plutonium management, with 

commitment that: any remaining plutonium which is not converted into MOX fuel, or otherwise 

reused, will be immobilised and treated as waste for disposal. This will also ensure that the UK is 

positioned and prepared to take forward an immobilisation and disposal program.” 
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Appendix B: Interview Expert Bios 

 

The following appendix includes short bios that describe the background of the experts 

interviewed and their connection to the plutonium disposition effort.201 

 

Anonymous Areva Engineering assigned to MFFF - Interview Date: March 13, 2017 

 

This expert started on the project in the late 1990s and has worked on criticality safety, chemical 

safety, and licensing throughout his tenure. Due to his current involvement with the project, he 

elected to have his name withheld.  

 

Anonymous DOE Official -  Interview Date: February 22, 2017 

 

This expert is an administrator in the NNSA with responsibility for the MFFF. Due to his official 

status and direct involvement with the project, he elected to have his name withheld.  

 

Matthew Bunn - Interview Date: February 28, 2017  

 

Matthew Bunn is a Professor of Practice at Harvard University's John F. Kennedy School of 

Government. His research interests include nuclear theft and terrorism; nuclear proliferation and 

measures to control it; the future of nuclear energy and its fuel cycle; and policies to promote 

innovation in energy technologies. Previously, Bunn worked at the National Academy of 

Sciences, where he directed the two-volume study Management and Disposition of Excess 

Weapons Plutonium. 

 

Linton Brooks - Interview Date: February 10, 2017 

 

Linton Brooks is an independent consultant on national security issues, a senior adviser at the 

Center for Strategic and International Studies, a distinguished research fellow at the National 

Defense University, and an adviser to four of the U.S. Department of Energy national 

laboratories. He served from July 2002 to January 2007 as administrator of DOE’s National 

Nuclear Security Administration, where he was responsible for the U.S. nuclear weapons 

program and for DOE’s international nuclear nonproliferation programs, including the MFFF.  

 

 

 

 

 

 

                                                
201 Note that some bios are excerpted from the publicly available online bios of these experts.   
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John Holdren - Interview Date: March 6, 2017 

 

John Holdren was President Obama’s Science Advisor and the Senate confirmed Director of the 

White House Office of Science and Technology Policy from 2009 to 2017. Dr. Holdren served 

as Chairman of the Committee on International Security and Arms Control at the National 

Academy of Sciences from 1994 to 2005. During this time, he chaired the NAS studies on 

plutonium disposition. During the Clinton Administration, he served for both terms on the 

President’s Council of Advisors on Science and Technology, including leading studies on 

nuclear materials protection. 

 

Leslie Jardine - Interview Date: March 10, 2017 

 

Leslie Jardine was assigned as the Fissile Materials Russian Projects Manager in the 

Nonproliferation Arms Control and International Security (renamed in May 2006 

Nonproliferation, Homeland and International Security Directorate) responsible for managing, 

developing and leading fissile materials and nuclear fuel cycle projects in Russia. In this 

capacity, he developed program strategies consistent with Russian and U.S. policies for weapons 

plutonium storage, packaging and transportation, spent fuel storage and transportation, 

plutonium immobilization, waste treatment, processing, storage and disposal of Russian excess 

weapons plutonium-containing materials. Dr. Jardine defined scopes-of-work, negotiated 

budgets and schedules, issued purchase requisitions for contracts, monitored technical progress 

and approved technical deliverables of contracts in Russia. Over 70 LLNL contracts with 

Russian plutonium industrial sites, scientific research institutes and design organizations were 

issued in 10 years and monitored under his management, including a total ~$10M in payments to 

Russian organizations engaging over a hundred Russian scientists and engineers in a typical year.  

 

Nigel Mote - Interview Date: March 6, 2017 

 

Nigel Mote has been responsible for a wide range of nuclear facility operations, including 

nuclear power plants, spent-fuel receipt, storage pools, reprocessing, mixed oxide fuel 

fabrication, and waste management facilities. As a consultant, Mr. Mote also was responsible for 

managing U.S. Department of Energy projects that assessed spent-fuel handling and storage 

facilities, cask-handling capabilities, and spent-fuel transportation routes at all U.S. commercial 

nuclear power stations and storage facilities. He was U.S. deputy co-chair of the Joint U.S.-

Russian Working Group on Cost Analysis and Economics in Plutonium Disposition supporting 

the Russian plutonium disposition program. 
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Clay Ramsey - Interview Date: February 24, 2017  

 

Clay Ramsey is currently a Senior Project Manager at Longenecker & Associates. He was the 

Federal Project Director (Level 4) for the NNSA’s MOX Fuel Fabrication Facility project from 

2006-2012. Mr. Ramsey was responsible for over 3000 federal and contractor employees 

performing work on the MFFF.  

 

William Tobey - Interview Date: March 15, 2017  

 

William Tobey was Deputy Administrator for Defense Nuclear Nonproliferation at the National 

Nuclear Security Administration from 2006-2009. There, he managed the U.S. government's 

largest program to prevent nuclear proliferation and terrorism by detecting, securing, and 

disposing of dangerous nuclear material. Mr. Tobey also served on the National Security Council 

Staff under three presidents, in defense policy, arms control, and counter-proliferation positions. 

He has participated in international negotiations ranging from the START talks with the Soviet 

Union to the Six Party Talks with North Korea.  

 

Frank von Hippel - Interview Date: March 7, 2017 

 

Frank von Hippel is a former assistant director for national security in the White House Office of 

Science and Technology, von Hippel’s areas of policy research include nuclear arms control and 

nonproliferation, energy, and checks and balances in policy-making for technology. Prior to 

coming to Princeton, he worked for ten years in the field of elementary-particle theoretical 

physics. He has written extensively on the technical basis for nuclear nonproliferation and 

disarmament initiatives, the future of nuclear energy, and improved automobile fuel economy.  

 

William Weber - Interview Date: March 6, 2017  

 

William Weber is the Governor’s Chair Professor in Materials Science and Engineering at the 

University of Tennessee Knoxville. From 1977 to 2010, Dr. Weber was on the staff of the 

Pacific Northwest National Laboratory where he conducted research on radiation effects in 

ceramics and glasses, the long-term behavior of nuclear waste forms, electronic and ionic 

transport in ceramics, solid oxide fuel cells, high-temperature superconductors, and physics of 

radiation detectors. Dr. Weber’s research group focuses on the fundamental and applied aspects 

of radiation effects in materials, interaction of radiation and charged-particles with solids, ion-

beam and electron-beam modification of materials, defect-property relationships in ceramics, 

long-term performance of materials under extreme environments, phase transformations, 

interface phenomena, and nanostructures in materials. His research is particularly relevant to the 

disposition of plutonium.  


